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(54) SEMICONDUCTOR DEVICE AND INVERTER CIRCUIT AND COMPARATOR AND A/D CONVERTER CIRCUIT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To realize a threshold control device 
having high performance and cope with fining or integration of a device. 



SOLUTION: This semiconductor device incorporates a source 
electrode region 2 and a drain electrode region 3 which are formed by 
diffusing impurities with high concentration in a semiconductor 
substrate 1, and further the semiconductor substrate is overlaid with a 
first gate insulation film 4, a semiconductor area 5 and a second 
insulation film 6, and the second insulation film 6 with a gate electrode 
7, where the semiconductor area 5 includes a semiconductor electrode 
area 8 functioning as a fourth electrode following the source, drain and . - ^ 
gate electrodes. *^ 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]A semiconductor device which is provided with the following and characterized by providing a semiconductor 
electrode field further in contact with said semiconductor region. 
A semiconductor substrate. 

A source electrode field and a drain electrode region which were formed in said semiconductor substrate. 
The 1st gate dielectric film provided on said semiconductor substrate. 

A gate electrode provided on a semiconductor region provided on said 1st gate dielectric film, the 2nd gate dielectric film 
provided on said semiconductor region, and said 2nd gate dielectric film. 

[Claim 2]ln the semiconductor device according to claim 1, to said semiconductor electrode field and said gate electrode. 
By changing respectively independently voltage which impression of voltage is independently possible respectively and is 
impressed to said semiconductor electrode field, and voltage impressed to said gate electrode, A semiconductor device 
being controllable in a saturation current value of drain current which flows into said semiconductor substrate surface 
between said source electrode field and a drain electrode region. 

[Claim 3]A semiconductor device, wherein a semiconductor electrode field adjacent to said semiconductor region has the 
same conductivity type as a source electrode field and a drain electrode region which were provided in said 
semiconductor substrate in the semiconductor device according to claim 1 . 

[Claim 4]A semiconductor device forming in the semiconductor device according to claim 1 of a self-alignment process 
that a semiconductor electrode field adjacent to said semiconductor region, and a source electrode field and a drain 
electrode region which were provided in said semiconductor substrate are the same. 

[Claim 5]A semiconductor device characterized by said semiconductor region being a polycrystalline silicon thin film in the 
semiconductor device according to claim 1 . 

[Claim 6]A semiconductor device characterized by said polycrystalline silicon thin film being a polycrystalline silicon thin 
film crystallized through a solid phase growing process following an amorphous chemically-modified degree and it in the 
semiconductor device according to claim 5. 

[Claim 7]A semiconductor device characterized by said semiconductor substrate being the silicon thin film provided on an 
insulator layer in the semiconductor device according to claim 1. 

[Claim 8]An inverter circuit provided with the semiconductor device according to any one of claims 1 to 7. 

[Claim 9]An inverter circuit being controllable when logic inversion voltage changes voltage impressed to a semiconductor 

electrode field of said semiconductor device in the inverter circuit according to claim 8. 

[Claim 10]ln the inverter circuit according to claim 8, several semiconductor devices of an n channel type semiconductor 
device and a p channel type semiconductor device with which conductivity types differ mutually are formed on a 
semiconductor substrate as said semiconductor device, An inverter circuit constituting complimentary by several 
semiconductor devices with which conductivity types differ mutually. 
[Claim 1 1]A comparator comprising: 
A semiconductor substrate. 

A source electrode field and a drain electrode region which were formed in said semiconductor substrate. 
The 1st gate dielectric film provided on said semiconductor substrate. 

A semiconductor region provided on said 1st gate dielectric film, and the 2nd gate dielectric film provided on said 
semiconductor region, Have a gate electrode provided on said 2nd gate dielectric film, and a semiconductor device with 
which a semiconductor electrode field is further provided in contact with said semiconductor region is used, and as said 
semiconductor device, An inverter circuit constituted complimentary by several semiconductor devices with which several 
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semiconductor devices of an n channel type semiconductor device and a p channel type semiconductor device with which 
conductivity types differ mutually are formed on a semiconductor substrate, and conductivity types differ mutually. 

[Claim 12]A comparator constituting so that input signal voltages may be impressed to said gate electrode of said 
semiconductor device and reference voltage may be impressed to a semiconductor electrode field adjacent to said 
semiconductor region of said semiconductor device in the comparator according to claim 1 1 . 

[Claim 13]A comparator characterized by said semiconductor substrate being the silicon thin film provided on an insulator 
layer in the comparator according to claim 1 1 . 

[Claim 14]An A/D converter circuit provided with the comparator according to claim 1 1 or 12. 



[Translation done.] 
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JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the lnvention]This invention relates to the semiconductor device, the inverter circuit, comparator, and A/D 

converter circuit of an MOS structure. 

[0002] 

[Description of the Prior ArfJIt is considered as the functional device which can use the existing silicon process as it is in 
recent years, and neuron MOS transistors (nuMOS) and EEPROM (Electrically Erasable Programable Read-Only 
Memory) are proposed. 

[0003]nuMOS is the MOS transistor provided with the function which carries out work equivalent to a nerve cell (neurone) 
with the element of a simple substance, For example, literature "Nikkei micro device It is shown in the 101st page per 
month, 1992 - 109-page", and literature "author "Shibata and Omi". Shingaku Giho, ICD93-6. and 39th page - 46 panes 
(1993-04)" in detail. 

[0004] Drawing 29 is a figure showing the example of composition of nuMOS. If drawing 29 is referred to, in nuMOS, the 
source electrode field 55 and the drain electrode region 56 which the impurity diffused in the semiconductor substrate 57 
at high concentration will be formed, On the semiconductor substrate 57, the gate dielectric film 50, the floating gate 48, 
and the gate dielectric film 51 are formed one by one, and two or more signal input gates 45 and 46 are further formed on 
the gate dielectric film 51 . 

[0005]The floating gate 48 is surrounded with the gate dielectric film 50 and 51 . the signal input gates 45 and 46 are 
carrying out capacitive coupling to the floating gate 48. and gate voltage is decided by the element of such composition as 
the linear combination with dignity. For example, capacitive coupling of the signal input gate 45 and the floating gate 48 is 
earned out by capacity C^ and they are carrying out capacitive coupling of the signal input gate 46 and the floating gate 
48 by capacity C 2 . 

[0006]ln this case, when making into V g1 and V g2 voltage added to the signal input gates 45 and 46, respectively 
potential, i.e.. gate voltage. phi F of the floating gate 48, It becomes phi F =(C 1 V g1+ C 2 V g2 )/(C 1+ C 2 ), When this element 
serves as OFF when gate voltage phi F is below predetermined threshold voltage V^, and gate voltage phi F becomes 
more than predetermined threshold V th , this element serves as one. As for V sub . in drawing 29 . source voltage and V d of 
substrate voltage and V s are drain voltage. ° 

[0007] Drawing 30 is a figure showing the equivalent circuit of a 2 input nu MOS transistor with the structure shown in 
drawing 29 . 

Drawing 31 is a figure showing an example of the drain current-gate voltage characteristic of this 2 input nu MOS 
transistor. 

Since it is easy, if capacity C, and C 2 are set to "1", respectively, by this 2 input nu MOS transistor, current will flow into 
the channel part of a transistor by (V g1+ V g2 ) / 2>V th . Here, when it considers that V g1 is input voltage and considers that 
V g2 is control voltage, the threshold voltage of the transistor seen from V g1 will be controlled by V g2 . Although the gate 
voltage as the whole required for making it flow through a channel part is always constant, when it sees from a certain 
signal input gate, the threshold voltage on the appearance of the portion there seems to be controlled by voltage of other 
signal input gates. Thus, in nuMOS of drawing 29 . a variable threshold device is realizable. 

[0008]nuMOS can be made into the thing of CMOS structure. Drawing 32 fa) and (b) is a top view of nu MOS inverter of 
CMOS structure, and a sectional view, and drawing 33 is a figure showing the equivalent circuit of nu MOS inverter of 
CMOS structure. Here, as for 61 . a floating gate, and 63 and 64 are gate oxide respectively an input gate and 62 
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[00091 Drawing 34 is a figure showing the example of composition of EEPROM. In [ if drawing 34 is referred to ] EEPROM, 
The source electrode field 58 and the drain electrode region 59 which the impurity diffused in the semiconductor substrate 
60 at high concentration are formed, and on the semiconductor substrate 60, The gate dielectric film 52, the floating gate 
49, and the gate dielectric film 53 are formed one by one, and the control gate 47 is further formed on the gate dielectric 
film 53. 

[0010]Although the floating gate 49 is surrounded with the gate dielectric film 52 and 53 and the control gate 47 is carrying 
out capacitive coupling to the floating gate like nuMOS in EEPROM, The very thin portion of thickness is beforehand 
formed in some gate dielectric film 52, and in a certain bias shape voice, this portion functions as the tunnel oxide film 54, 
and it is designed so that tunnel current may flow between the drain electrode region 59 and the floating gate 49. Drawing 
35 is a representative circuit schematic of EEPROM of drawing 34 . Two states exist by the case where there is nothing 
with the case where the potential of the floating gate 49 has electric charge pouring from the drain 59 by the tunnel current 
which flows via the tunnel oxide film 54. This state is recognized as a difference of the threshold voltage of the transistor 
seen from the control gate 47. That is, two values will be among the voltage which needs the control gate 47 to induce 
sufficient drain current near the semiconductor substrate 60 surface between the sauce 58 and the drain 59. 
[0011]Thus, although both nuMOS and EEPROM are having structure which is not different from the conventional MOS 
device about the source electrode fields 55 and 58, the drain electrode regions 56 and 59, and the silicon substrates 57 
and 60, nuMOS and EEPROM are the points of having a function in which the variable control of the threshold can be 
carried out, and serve as the conventional MOS device with the heterogeneous thing. EEPROM is already put in practical 
use in the logical circuit. 

It is expected as a flash memory from now on as a new memory device which changes to a hard disk. 

on the other hand, nuMOS is applied to a memory circuit etc. and attracts attention in that it can be markedly alike and an 

element number can be reduced as compared with the circuit constituted from conventional CMOS. 

[0012] 

[Problem(s) to be Solved by the InventionJBy the way, clearly from the explanation mentioned above, the threshold of 
nuMOS is determined by the capacity between two or more input gates and a floating gate, therefore the threshold of a 
transistor is controlled with the area of a gate. That is, the micro-processing accuracy on a process will determine the 
accuracy of the analog circuit performance of this device as it is. The influence of fluctuation on this process is quite great 
compared with the case of the conventional MOS transistor, and this problem will become more serious as the minuteness 
making of a device progresses. 

[0013]Since nuMOS must provide the overlapping portion between an input gate and a floating gate so that capacitive 
coupling may not be carried out to the channel part of a MOS transistor, it is not a thing of the structure to which the 
device spread in two dimensions and originally fitted high integration inevitably. Therefore, although it had a highly efficient 
function in which a threshold is controllable to variable, there was a problem that it did not have structure corresponding to 
the minuteness making of a device and high integration. 

[0014]While a highly efficient threshold control device is realizable, an object of this invention is it to provide a possible 
semiconductor device and an inverter circuit and also a comparator, and an A/D converter circuit to also make it 
correspond to the minuteness making of a device, and high integration. 
[0015] 

[Means for Solving the Problem]To achieve the above objects, in the invention according to claim 1 to 7. A semiconductor 
substrate, and a source electrode field and a drain electrode region which were formed in a semiconductor substrate, A 
semiconductor region provided on the 1st gate dielectric film provided on a semiconductor substrate, and the 1st gate 
dielectric film, It had the 2nd gate dielectric film provided on a semiconductor region, and a gate electrode provided on the 
2nd gate dielectric film, has a semiconductor electrode field in contact with a semiconductor region, and has composition 
which can change respectively independently voltage impressed to a semiconductor electrode field and a gate electrode. 
When this changes voltage impressed to a semiconductor electrode field independently of voltage impressed to a gate 
electrode, it becomes possible to control a saturation current value of drain current which flows into a semiconductor 
substrate surface between a source electrode field and a drain electrode region. 

[0016]An inverter circuit consists of inventions according to claim 8 to 1 0 using the semiconductor device according to any 
one of claims 1 to 7. Thereby, this inverter circuit can be controlled by changing voltage which impresses logic inversion 
voltage to a semiconductor electrode field of said semiconductor device. 

[0017]By the invention according to claim 10, especially an inverter circuit, As a semiconductor device, several 
semiconductor devices of an n channel type semiconductor device and a p channel type semiconductor device with which 
conductivity types differ mutually are formed on a semiconductor substrate, and are constituted complimentary by several 
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semiconductor devices with which conductivity types differ mutually. Thereby, stabilization and low power consumption of 
performance of operation can be attained, and a circuit which was more suitable for LSI-ization can be provided. 
[0018]According to claim 11 and the invention according to claim 12, it has the conventional MOS transistor and an 
extremely similar electric conduction mechanism, And since a comparator is constituted by complimentary combination of 
p channel which are 4 terminal elements into which a saturation drain current value is changeable, and n channel device, 
The structure is far simple compared with the conventional thing, and can provide a highly efficient comparator compared 
with the conventional comparator. 

[0019]According to the invention according to claim 13, since a semiconductor substrate is the silicon thin film provided on 
an insulator layer, it can raise performance of a comparator further. 

[0020]The A/D converter circuit according to claim 14 becomes able [ consumption ] to operate at high speed and with 
high precision, and for consumption of electric power to be high-density and to produce few flash plate type A/D 
converters on LSI from having claim 1 1 and the comparator according to claim 12. 

[0021]Thus, in this invention, a highly efficient device is realizable within the limits of the conventional silicon process. 
[0022] 

[Embodiment of the lnvention] Drawing 1 and drawing 2 are the figures showing the example of composition of the 
semiconductor device concerning this invention. Drawing 1 is a perspective view and drawing 2 is a sectional view. 
Reference of drawing 1 and drawing 2 forms the source electrode field 2 and the drain electrode region 3 where the 
impurity diffused this semiconductor device in high concentration at the semiconductor substrate 1 . On the semiconductor 
substrate 1 , the 1st gate dielectric film 4, the semiconductor region 5, and the 2nd gate dielectric film 6 are formed, and 
the gate electrode 7 is formed on the 2nd gate dielectric film 6. 

[0023]Here, the semiconductor electrode field 8 which functions as the 4th electrode that ranks second to a source drain 
gate electrode is formed in the semiconductor region 5. This semiconductor electrode field 8 has the same conductivity 
type as the source electrode field 2 and the drain electrode region 3 which are formed, for example in the semiconductor 
substrate 1, and like the after-mentioned, For example, production by the same self-alignment process (self-align process) 
as the source electrode 2 and the drain electrode region 3 is possible, and in this case, as shown in drawing 1 and 
drawing 2, it is made to consistent with the source electrode field 2 and the drain electrode region 3, and is formed. 
[0024]More specifically, the semiconductor region 5 is a polycrystalline silicon thin film (preferably), for example. Are the 
polycrystalline silicon thin film crystallized through the solid phase growing process following an amorphous chemically- 
modified degree and it, and the semiconductor electrode field 8, For example, it is formed in a part of this semiconductor 
region 5 of a self-alignment process by diffusing the high concentration impurities of the same conductivity type as the 
source electrode field 2 and the drain electrode region 3. 

[0025]As the semiconductor substrate 1 , a silicon wafer can also be used and a SOI (Silicon On Insulator) wafer can also 
be used. 

[0026]lt can be realized that the structure of the semiconductor device of drawing 1 and drawing 2 is equivalent to what 
provided the semiconductor region into the gate dielectric film of the conventional MOSFET (MOS field effect transistor). 
In nuMOS or EEPROM, it is thoroughly surrounded with gate dielectric film, the semiconductor electrode, i.e., the floating 
gate, which diffused the impurity in high concentration, To being floating electrically insulated from the exterior thoroughly 
in the usual state, in the semiconductor device of drawing 1 and drawing 2 . The semiconductor region 5 is surrounded by 
the gate dielectric film 4 and 6 and the semiconductor electrode field 8, and nuMOS, EEPROM, and the semiconductor 
device of drawing 1 and drawing 2 are structurally different in that arbitrary voltage can be impressed to this 
semiconductor region 5 from the exterior by the semiconductor electrode field 8. 

[0027]Next, the principle of operation of the semiconductor device of drawing 1 and drawing 2 is explained. In the 
semiconductor device of drawing 1 and drawing 2 , the surface of the semiconductor substrate 1 between the source 
electrode field 2 and the drain electrode region 3 functions as the channel region CH, and drain current flows through it via 
this channel region CH between the source electrode field 2 and the drain electrode region 3. The size of this drain current 
changes with the sizes of the voltage impressed to the source electrode field 2, the drain electrode region 3, and the gate 
electrode 7, respectively, It changes with the sizes of the voltage impressed to the semiconductor electrode field 8 (it is 
henceforth called the 2nd gate electrode) provided in contact with the semiconductor region 5. 
[0028]lf it puts in another way, when the semiconductor device of drawing 1 and drawing 2 will become a thing of an 
equivalent circuit as shown in drawing 3 and source voltage, drain voltage, and gate voltage will be made into V s , V d , and 
V g , When making into V h voltage which can control the size of current (drain current) by the size of V s , V d , and V g , and is 
added to the semiconductor electrode field 8, i.e., the 2nd gate electrode, with it, The size of current (drain current) is 
controllable also by the size of V h . Namely, in nu MOS device shown in drawing 29 . The semiconductor electrode which 

http://ww4.ipdl.i^ 4/3/2008 



JP,09-097906 9 A [DETAILED DESCRIPTION] 



Page 4 of 12 



diffused the impurity in high concentration is surrounded with gate dielectric film, In the ordinary state, to existing by 
floating electrically insulated from the exterior thoroughly, a semiconductor region is surrounded by gate dielectric film and 
the semiconductor electrode field, and arbitrary voltage can be impressed to this semiconductor region from the exterior 
with the semiconductor device by this invention. In drawing 2 , V sub is substrate voltage. 

[0029]lt is supposed that the semiconductor device of drawing 1 and drawing 2 is for example, n channel type device now, 
The source electrode field 2 shall be grounded (V s =OV), gate voltage V g shall be impressed to the gate electrode 7, and 
the inversion layer shall be formed in the semiconductor substrate 1 surface CH, i.e., the channel region, between the 
source electrode field 2 and the drain electrode region 3. 

[0030]ln this case, when voltage V h impressed to the 2nd gate electrode 8 is large enough, the semiconductor region 5 
inserted into the two gate dielectric film 4 and 6 is depletion-ized thoroughly. Drawing 4 is a figure showing the relation 
between the drain current at this time, and drain voltage. 

[0031]When voltage V h big enough is impressed to the 2nd gate electrode 8 and the semiconductor region 5 is depletion- 
ized thoroughly, If small drain voltage V d is added so that drawing 4 may show, a carrier will pass along the channel 
region CH and will flow toward the drain electrode region 3 from the source electrode field 2. Under the present 
circumstances, the channel region CH is committed as resistance and the size of drain current l d is proportional to drain 
voltage V d mostly (refer to the A point of drawing 4 ). 

[0032]lf drain voltage V d increases, a depletion layer will be extended from the drain electrode region 3, and the point 
(pinch-off point) that the thickness of an inversion layer is set to "0" by the channel part of drain electrode region 3 both 
ends will arise eventually (refer to the B point of drawing 4 ). If drain voltage V d at this time is called pinch off voltage 
(Vdsat) and drain voltage V d becomes larger than pinch-off-voltage V dsat , Drain current l d is saturated and takes the 
almost same value (saturation drain current value l dsat ) (refer to C point of drawing 4 ). 

[0033]Thus, when the semiconductor region 5 which sufficiently big voltage V h was impressed to the 2nd gate electrode 8, 
and was inserted into the two gate dielectric film 4 and 6 is depletion-ized thoroughly. The dielectric constant on the 
appearance of the gate dielectric film between the gate electrode 7 and the channel region CH, It has the characteristic 
equivalent to the conventional MOS transistor which has a value decided by the dielectric constant of the two gate 
dielectric film 4 and 6 and the semiconductor region 5 across which it faces among these therefore by which the gate 
dielectric film of the predetermined dielectric constant is provided between the gate electrode and the channel region. 
Therefore, it can be considered that the drain current at this time is equivalent to the drain current which flows into the 
conventional MOS transistor. 

[0034]On the other hand, when voltage V h impressed to the 2nd gate electrode 8 is small, the semiconductor region 5 
inserted into the two gate dielectric film 4 and 6 is not depletion-ized thoroughly. Drawing 5 is a figure showing the relation 
between the drain current at this time, and drain voltage. The relation between drain current when voltage V h impressed to 
the 2nd gate electrode 8 is large, and drain voltage is also shown to drawing 5 by the dashed line for comparison. 
[0035]lf drawing 5 is referred to, when voltage V h impressed to the 2nd gate electrode 8 is small and the semiconductor 
region 5 is not depletion-ized thoroughly, It compares, when voltage V h big enough is impressed to the 2nd gate electrode 
8 and the semiconductor region 5 is depletion-ized thoroughly, The electric field from the drain electrode region 3 
becomes large relatively rather than the electric field from the gate electrode 7, and, as a result, pinch-off-voltage V dsat ' 
becomes smaller than pinch-off-voltage V dsat in case the semiconductor region 5 is depletion-ized thoroughly. Thus, it 
becomes possible to control saturation drain current value l dsat ' by voltage V h by which the 2nd gate electrode 8 is 
impressed below to l dsat . That is, a saturation drain current value is controllable by the semiconductor device of drawing 1 
and drawing 2 to variable with the impressed electromotive force to the 2nd gate electrode 8. Namely, by changing 
respectively independently voltage V h impressed to the 2nd gate electrode 8, and voltage V g impressed to the gate 
electrode 7, It becomes possible to control the saturation current value of drain current l d which flows into the 
semiconductor substrate surface between the source electrode field 2 and the drain electrode region 3. 
[0036] Drawing 6 (a) and (b) is a lineblock diagram of the example of the semiconductor device of this invention. It is a 
sectional view [ in / drawing 6 (a) can be set in a top view, and / in drawing 6 (b) / the A-A line of drawing 6 (a) ]. When 
drawing 6 (a) and (b) is referred to, this semiconductor device, It is constituted as an n channel type device, and the 
source electrode field 2 and the drain electrode region 3 which the n type impurity diffused in high concentration are 
formed in this p type silicon wafer 1 using the p type silicon wafer (silicon substrate) as the semiconductor substrate 1. On 
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the silicon wafer 1 between this source electrode field 2 and the drain electrode region 3, The silicon oxide as the 1st gate 
dielectric film 4, the polycrystalline silicon thin film as the semiconductor region 5, The silicon oxide as the 2nd gate 
dielectric film 6 is formed one by one, and on the silicon oxide 6 as the 2nd gate dielectric film, The n + type polysilicon 
electrode is formed as the gate electrode 7, further, the polycrystalline silicon thin film 5 as a semiconductor region is 
touched, and the n + type polysilicon electrode as the semiconductor electrode field (the 2nd gate electrode) 8 is formed. 
[0037]ln drawing 6 (a) and (b), an interlayer insulation film and 26 17 field oxide, and 18, 19, 20 and 21, It is aluminum 
electrode wiring of the source electrode 2, the drain electrode 3, the gate electrode 7, and the 2nd gate electrode 8, and is 
electrically respectively connected with each electrodes 2, 3, 7, and 8 via the contact holes 22, 23, 24, and 25. 
f 00381 Drawing 7 (a) thru/or (d) is a figure showing the making process of the semiconductor device of drawing 6 . First, 
reference of drawing 7 (a) thru/or (d) will form an active layer region by forming the field oxide 26 with LOCOS process on 
the p type silicon substrate 1 , and separating a substrate face, as shown in drawing 7 (a). And 10 nm of silicon oxide 4 as 
the 1st gate dielectric film is formed in the isolation region surface by a dry oxidation method. It was made for oxidizing 
temperature to be 900 ** or less. The channel dope of the boron ion 29 is carried out from on the silicon oxide 4 which is 
the 1st gate dielectric film for threshold adjustment of a channel part. 

[0039]next, it is shown in drawing 7 (b) — as — the silicon oxide 4 top — the polycrystalline silicon thin film 5 as a 
semiconductor region - LPCVD (decompression chemical vapor phase growth) - by law, 30 nm forms membranes and 
pattern NINGU of this is carried out at predetermined shape. Under the present circumstances, the film formation 
condition of a polycrystalline silicon thin film is set to the substrate temperature of 630 **, pressure O.ITorr, and SiH 4 gas 
mass flow 200SCCM, for example. Then, 10 nm of silicon oxide 6 as the 2nd gate dielectric film is formed with an LPCVD 
method. The film formation condition at this time is set to the substrate temperature of 800 **, pressure 0.9Torr, SiH 4 gas 
mass flow 30SCCM, and N 2 0 gas mass flow 1000SCCM, for example. In order to adjust the impurity concentration in the 
polycrystalline silicon thin film 5, the boron ion 32 is poured in from on the silicon oxide 6 which is the 2nd gate dielectric 
film. When the 2nd gate electrode 8 formed after this determines effectively [ how much ] the drain current which flows 
between source electrode 2 and the drain electrode 3 can be controlled, it is important for the impurity concentration in the 
polycrystalline silicon thin film 5. 

[0040]Next, as shown in drawing 7 (c), 30 nm of polysilicon thin films 7 which doped Lynn are formed with an LPCVD 
method, the resist 34 is formed in predetermined shape, a polysilicon thin film is patterned after predetermined shape by 
using this resist 34 as a mask, and the gate electrode 7 is formed. The film formation condition at this time is set to the 
substrate temperature of 500 *\ pressure 0.9Torr, Si 2 H 6 gas mass flow 90SCCM, PH 3 gas mass flow 10SCCM, and N 2 
gas mass flow 800SCCM, for example. And in order to form the source electrode field 2, the drain electrode region 3, and 
the 2nd gate electrode 8 where the resist 34 used as a mask is left when the gate electrode 7 is patterned, the 
phosphorous ion 35 is poured in. Pouring of the phosphorous ion 35 changes the combination of infused energy and a 
dose, and is performed twice or more. For example, a dose sets 1st infused energy to 30keV, and is made into two E15- 
cm' 2 , and the 2nd time is respectively made into 90keV and five E15-cm" 2 . An ion implantation is divided into multistage 
and performed here in order to form the formation process of a source electrode, a drain electrode, a gate electrode, and 
the 2nd gate electrode by package by a self-alignment process. Namely, in production of the device which the 
semiconductor device of this invention has the structure extended in the direction of a three dimension, and has the 
structure extended in such a direction of a three dimension. It is dramatically important to make a process simple and to 
stop dispersion in the performance of a device small, Therefore, as impurity ion is poured into the field used as a source 
electrode or a drain electrode when infused energy is high while pouring impurity ion into the field used as the 2nd gate 
electrode, when infused energy is low. By including a multi stage ion implantation process in a self-alignment process, 
also when producing a device with the structure extended in the direction of a three dimension, a process is simplified and 
the performance of a device can be maintained to a highly precise thing. 

[0041]Thus, if the impurity introduced by the ion implantation is activated after dividing into multistage and performing an 
ion implantation, as shown in drawing 7 (d), the source electrode field 2, the drain electrode region 3, and the 2nd gate 
electrode 8 will be formed, and a fundamental structure of the semiconductor device of this invention will be formed. Then, 
an n channel type new structure device can be obtained through each process of deposition of an interlayer insulation film, 
formation of a contact hole, formation of aluminum electrode wiring, and metallization. 

[0042]Thus, in production of the semiconductor device of this invention, it can fully be coped with within the limits of the 
conventional silicon process technology. 

[0043]ln drawing 8 , channel length L in the semiconductor device shown in drawing 6 2 micrometers, The mold of the 
impurity of 4 micrometers and the channel portion CH of a silicon substrate, and impurity concentration for channel width 
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W A p type, one E16-cm" 3 , The mold of the impurity of the polycrystalline silicon thin film 5 and impurity concentration are 
made into a p type and one E17-cm" 3 , and the drain current characteristic when the gate electrode 7 and the 2nd gate 
electrode 8 are used as n + type polysilicon is shown. Although a drain current characteristic is searched for, as shown in 
drawing 9 , the source electrode 2 is grounded (.). Namely, it is referred to as V s =0 and changes 0.5v of voltage V g of the 
gate electrode 7 at a time to 0.0V-5.0V, It changed 1 v of voltage V h of the 2nd gate electrode 8 at a time to 0V-5V, and 
drain current l d to drain voltage V d was calculated. Drawing 8 shows that the saturation current value of drain current l d is 
controlled by voltage V h impressed to the 2nd gate electrode. 

[0044]Although the semiconductor device of this invention was constituted from an above-mentioned example as an n 
channel type device, the semiconductor device of this invention can be constituted as a p channel type device as well as n 
channel type device, and can be produced even in this case, and can be operated similarly. 

[0045]That is, a p channel type device is producible like the manufacturing method of n channel type device mentioned 
above. 

[0046]The semiconductor device of drawing 1 thru/or drawing 3 can be used for an inverter circuit like the conventional 
MOSFET. Drawing 10 is a figure showing the inverter circuit which applied the semiconductor device of drawing 1 thru/or 
drawing 3 . Fundamentally, although the inverter circuit of drawing 1 0 carries out the completely same operation as the 
conventional MOSFET, Since a saturation drain current value is controlled in the semiconductor device of drawing 1 
thru/or drawing 3 by voltage V h impressed to the 2nd gate electrode, When the operation as an inverter circuit as shown in 
drawing 10 is considered, the logic inversion voltage becomes controllable by changing voltage V h impressed to the 2nd 
gate electrode 8. 

[0047]As a semiconductor device of drawing 1 thru/or drawing 3 , Several semiconductor devices of an n channel type 
thing (the source electrode field 2, the drain electrode region 3, and the semiconductor electrode field 8 are n types) and a 
p channel type thing (the source electrode field 2, the drain electrode region 3, and the semiconductor electrode field 8 are 
p types) with which conductivity types differ mutually are formed on the semiconductor substrate 1 , It is also possible to 
constitute an inverter circuit in complementary (complementary) one with the semiconductor device of these plurality. That 
is, it is also producible combining n channel type device and a p channel type device. In this case, stabilization and low 
power consumption of performance of operation can be attained, and the circuit which was more suitable for LSI-ization 
can be provided. 

[0048]The example of composition of the inverter circuit which comprised a complimentary (complementary) n channel 
type device and a p channel type device mutually is shown in drawing 1 1 . Namely, in the example of drawing 1 1 as a 
semiconductor device of this 1st example, Using two kinds of things of n channel type semiconductor device (nMOS 
device) SC-, and p channel type semiconductor device (pMOS device) SC 2 , it is made the thing of CMOS structure and 
the inverter circuit is constituted. In the example of drawing 1 1 , both 2nd gate electrode is connected as a common 
electrode, and voltage V h is impressed to these. As for V in , output voltage and (V dd -V ss of input voltage and V out ) are the 
power supply voltage of an inverter circuit. 

[0049]The principle of operation of the inverter circuit constituted complimentary by such p channel type semiconductor 
device and the n channel type semiconductor device is explained. 

[0050]More, in drawing 1 1 , n channel type device SC 1 is formed on the p type silicon substrate 123, and p channel type 
device SC 2 is formed on the n type silicon substrate 124 at details. In n channel type device SC 1 (p channel type device 
SC 2 ). The source electrode field 109 (110) and the drain electrode region 111 (112), It is formed in the surface and the 
inside of the silicon substrate 123 (124), and on the silicon substrate between this sauce and a drain, The silicon oxide 
113 (114) used as the 1st gate dielectric film, the polycrystalline silicon thin film 115 (116) used as a semiconductor 
region, The silicon oxide 1 17 (1 18) used as the 2nd gate dielectric film and the polysilicon electrode 119 (120) used as a 
gate electrode are formed one by one, The polycrystalline silicon thin film 1 15 (1 16) inserted into the two silicon oxide 113 
(114) and 117 (118) is touched, and the polysilicon electrode 121 (122) as a semiconductor electrode (the 2nd gate 
electrode) is formed. And the drain electrode region 111 of n channel type device SC 1f the gate electrode 119, and the 
semiconductor electrode 121, It is respectively connected with the drain electrode region 112 of p channel type device 
SC 2 , the gate electrode 120, and the semiconductor electrode 122, Input voltage V in is added to the gate electrode 
119,120, and output voltage V out is taken out from the drain electrode region 111,112, and control voltage V h is added to 
the semiconductor electrode 121,122. The source electrode 109 of n channel type device SC 1 is grounded (held at earth- 
potentials V ss ), and power-supply-voltage V dd is impressed to the source electrode 110 of p channel type device SC 2 . 



http://www4.ipdl.inpit.go jp/cgi-bin/tran_web_cgi_ejje?atw_u=http%3A%2F%2Fwww4... 4/3/2008 



JP,09-097906,A [DETAILED DESCRIPTION] 



Page 7 of 12 



f00511 Drawing 12 is a figure showing the equivalent circuit with the complimentary (complementary) composition which 
used the semiconductor device of this invention of an inverter circuit, and drawing 13 is a figure showing the measurement 
result of the input-output behavioral characteristics of this inverter circuit. That is, the measurement result of drawing 13 
changes voltage V h impressed to the 2nd gate electrode 8 at 0.5V interval in 0.5V-3.5V, and measures output voltage 
V out to input voltage V in . From drawing 13 , the logic inversion voltage of an inverter circuit is understood that it is 
controllable by voltage V h impressed to the 2nd gate electrode 8. 

f00521 Drawing 14 is a shown figure the measurement result of the relation between logic inversion voltage V jnv and 
voltage V h impressed to the 2nd gate electrode, and the measurement result of drawing 14 , Logic inversion voltage V jnv 
to voltage V h when the power supply voltage (V dd -V ss ) of an inverter circuit is set as 3V, 4V, and 5V, respectively is 
measured. The measurement result of drawing 14 also shows that logic inversion voltage V jnv is controllable by voltage 
V h to variable. When the complimentary composition shown in drawing 1 1 plans stabilization and low power consumption 
of performance of operation, it is dramatically effective. 

[0053]The inverter circuit (CMOS inverter by a new element) of drawing 1 1 and drawing 12 , Compare voltage V jn added to 

the gate electrode 119,120 with voltage V h added to the semiconductor electrode 121,122> and at the time of V h <V in . It 

turns out that output V out is set to 0V, and output V out serves as V dd and it functions as a comparator as shown in 

drawing 15 from this at the time ofV h >V jn . Namely, in the inverter composition of drawing 1 1 , the gate electrode 119,120 

is operated as a signal input terminal of a comparator, The semiconductor electrode 121,122 can be operated as a 
reference voltage input terminal of a comparator, and the drain electrode region 111,112 can be operated as an output 
terminal of a comparator. Thus, the function as a comparator is also realizable by constituting the semiconductor device 
(new element) with a very simple structure of drawing 1 thru/or drawing 3 complimentary. 

[0054] Drawing 16 and drawing 1 7 are the lineblock diagrams of the comparator constituted by the new constituent child of 
this invention. It is a sectional view [ in / drawing 1 6 can be set in a top view and / in drawing 17 / the A-A line of drawing 
16 ]. When drawing 16 and drawing 17 are referred to, this comparator, Carry out the ion implantation of Lynn and the 
boron to the n type silicon substrate 127, and the n well 128 and the p well 129 are formed, respectively, p channel type 
device SC 2 is formed in the n well 128, and n channel type device SC 1 is formed in the p well 129. 

[0055]Here, p channel type device SC 2 has the sauce 130 and the drain electrode region 131 which the p type impurity 
diffused in the n well 128 at high concentration. And on the n well 128 between this sauce 130 and the drain electrode 
131. The silicon oxide 132 used as the 1st gate dielectric film, the polycrystalline silicon thin film 133 used as a n type 
semiconductor region, the silicon oxide 134 used as the 2nd gate dielectric film, and the n + polysilicon electrode 135 used 
as a gate electrode are formed one by one, The polycrystalline silicon thin film 133 inserted into the two silicon oxide 
132,134 is touched, and the p + polysilicon electrode 136 as a semiconductor electrode (the 2nd gate electrode) is formed. 

[0056]n channel type device SC«j has the sauce 138 and the drain electrode region 139 which the n type impurity diffused 

in the p well 129 at high concentration. And on the p well 129 between this sauce 138 and the drain electrode 139. The 
silicon oxide 140 used as the 1st gate dielectric film, the polycrystalline silicon thin film 141 used as a p type 
semiconductor region, the silicon oxide 142 used as the 2nd gate dielectric film, and the n + polysilicon electrode 143 used 
as a gate electrode are formed one by one, The polycrystalline silicon thin film 141 inserted into the two silicon oxide 140 
and 142 is touched, and the n + polysilicon electrode 144 as a semiconductor electrode (the 2nd gate electrode) is formed. 
154 is an interlayer insulation film and 155 is field oxide. 

[0057]The gate electrodes 135 and 143 of p channel type device SC 2 and n channel type device SC^ It is connected with 
the aluminum electrode wiring 147 in common via the contact hole 146, and the gate electrode 135,143 functions as 
signal input terminal V jn . The drain electrode 131 of p channel type device SC 2 and the drain electrode 139 of n channel 
type device SC 1 , Respectively, common connection is carried out to the aluminum electrode wiring 152 via the contact 
holes 148 and 149, and the drain electrode 131,139 functions as output terminal V out . The semiconductor electrode 136 
of p channel type device SC 2 and the semiconductor electrode 144 of n channel type device SC 1t Respectively, common 
connection is carried out to the aluminum electrode wiring 153 via the contact holes 150 and 151, and the semiconductor 
electrode 136,144 functions as reference voltage input terminal V n . 

[0058] Drawing 18 and drawing 19 are the figures showing the making process of the comparator by this invention. First, 
as shown in drawing 18 (a), by pouring in phosphorous ion on the n type silicon substrate 127, by forming the n well 128 
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and pouring in boron ion, the p well 129 is formed and twin tab structure is produced. Subsequently, an active layer region 
is formed by forming the field oxide 155 with LOCOS process, and separating a substrate face. And 10 nm of silicon oxide 
132,140 is formed in the isolation region surface by a dry oxidation method as the 1st gate dielectric film. It was made for 
oxidizing temperature to be 900 ** or less. For threshold adjustment of a channel part, the ion implantation of Lynn is 
carried out from on the silicon oxide 132, and the ion implantation of the boron is carried out from on the silicon oxide 140, 
and impurity concentration of the surface of the n well 128 and the p well 129 is made into the target value. 
[0059]subsequently, it is shown in drawing 18 (b) - as - the silicon oxide 132,140 top - as a semiconductor region - 
respectively - the polycrystalline silicon thin film 133,141 - LPCVD (decompression chemical gaseous layer growth) - by 
law, 30 nm forms membranes and it patterns after predetermined shape. The film formation condition of a polycrystalline 
silicon thin film is set to the substrate temperature of 630 **, pressure O.ITorr, and SiH 4 gas mass flow 200SCCM, for 
example. Then, 10 nm of silicon oxide 134,142 is formed with an LPCVD method as the 2nd gate dielectric film, 
respectively. The film formation condition at this time is set to the substrate temperature of 800 **, pressure 0.9Torr, SiH 4 
gas mass flow 30SCCM, and N 2 0 gas mass flow 100SCCM, for example. In order to adjust the impurity concentration in 
the polycrystalline silicon thin film 133, the ion implantation of Lynn is carried out from on the silicon oxide 134 which is the 
2nd gate dielectric film. Similarly, in order to adjust the impurity concentration in the polycrystalline silicon thin film 141, the 
ion implantation of the boron is carried out from on the silicon oxide 142 which is the 2nd gate dielectric film. The impurity 
concentration in the polycrystalline silicon thin film 133,141, How much effectively, since the 2nd gate electrode formed 
after this determines whether the drain current which flows between the source drain electrodes of this p channel type 
device and n channel type device is controllable, it is important for this ion implantation process. 
[0060]Next, as shown in drawing 18 (c), 300 nm of polysilicon thin films which doped Lynn are formed with an LPCVD 
method, it patterns after predetermined shape, and the gate electrode 135,143 is formed, respectively. A film formation 
condition is set to the substrate temperature of 500 **, pressure 0.9Torr, Si 2 H 6 gas mass flow 90SCCM, PH 3 gas mass 
flow 10SCCM, and N 2 gas mass flow 800SCCM, for example. And when the gate electrode 135,143 is patterned, it is in 
the state which left the resist pattern 164 used as a mask, and a mask is carried out with the resist pattern 165 so that the 
field which produces n channel type device may be covered further. And in order to form the source electrode of p channel 
type device, a drain electrode, and the 2nd gate electrode, the boron ion 166 is poured in. This ion implantation changes 
the combination of infused energy and a dose, and performs it twice or more. For example, 1st infused energy is made 
into 30kev, and dose " 2 of two E15 cm, and the 2nd time is respectively made into 45kev and four E15-cm -2 . An ion 
implantation is divided into multistage and performed here in order to carry out package formation of the formation process 
of the source electrode of p channel type device, a drain electrode, a gate electrode, and the 2nd gate electrode by a self- 
alignment process. That is, when infused energy is low, an impurity is poured into the field used as the 2nd gate electrode, 
and on the other hand, when infused energy is high, an impurity is poured into the field used as a source electrode or a 
drain electrode. It is dramatically important to make a process simple and to stop dispersion in the performance between 
elements small in production of this device with the structure extended in the direction of a three dimension. As mentioned 
above, this method that included the multi stage ion implantation process in the self-alignment process is dramatically 
effective in that meaning. 

[0061]Then, the resist patterns 164 and 165 are removed, and as shown in drawing 19 (d). a mask is carried out with the 
resist pattern 167 so that the field which produces p channel type device may be covered. And in order to form the source 
electrode of n channel type device, a drain electrode, and the 2nd gate electrode, the phosphorous ion 168 is poured in. 
Like the case of p channel type device, the conditions of an ion implantation change the combination of infused energy 
and a dose, and perform it twice or more. For example, 1st infused energy is made into 30keV, and dose " 2 of two E15 
cm, and the 2nd time is respectively made into 90keV and five E15-cm~ 2 . Thus, n channel type device as well as p 
channel type device is produced by the self-alignment process. 

[0062]Then, if the impurity introduced by the ion implantation is activated, as shown in drawing 19 (e), The p + source 
electrode field 130 of p channel type device SC 2 , the p + drain electrode region 131, and the p + 2nd gate electrode 136 are 
formed, The n + drain electrode region 139 of n channel type device SC 1( the n + source electrode field 138, and the n + 2nd 
gate electrode 144 are formed, and fundamental structure of the comparator by this invention is made. Then, the 
comparator constituted complimentary by p channel type device and n channel type device with new structure is obtained 
through each process of deposition of an interiayer insulation film, formation of a contact hole, formation of aluminum 
electrode wiring, and metallization. 

[0063]Thus, it can fully be coped with within the limits of the conventional silicon process technology in production of the 
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comparator of this invention. 

[0064]The drain current characteristic of n channel type device which constitutes the comparator produced by the above- 
mentioned method, The mold of the impurity of 4 micrometers and the channel portion of a silicon substrate, and impurity 
concentration for 2 micrometers and channel width W One E17 cm of p type " 3 , [ channel length L ] The mold of the 
impurity of a polycrystalline silicon thin film semiconductor, and impurity concentration One E16 cm of p type ~ 3 , When a 
gate electrode and the 2nd gate electrode are used as n + polysilicon, it turns out that it becomes the same characteristic 
as drawing 8 , and the drain saturation current value is controlled by voltage V h impressed to the 2nd gate electrode. 
[0065]An example of the input-output behavioral characteristics of the comparator constituted by KOMPURI Metairie with 
p channel type device and n channel type device with such a new structure is shown in drawing 20 . In the example of 
drawing 20 , power-supply-voltage V dd of the comparator is 3V. The relation between logic inversion voltage V inv of this 
comparator and voltage V n impressed to the 2nd gate electrode is shown in drawing 21 . Voltage V h impressed to the 2nd 
gate electrode from drawing 20 and drawing 21 shows that the logic inversion voltage of a comparator is controllable. 
[0066]An A/D converter circuit is also realizable using the comparator mentioned above. It precedes explaining the AID 
converter circuit of this invention, and the conventional A/D converter circuit is explained first. In recent years, the high 
speed of an A/D converter (analog-to-digital converter) and the demand to highly-precise-izing are becoming increasingly 
strong with digitization of the system by progress of VLSI art. It is not an overstatement although the performance is 
especially influenced by the performance of the A/D converter in digital video apparatus or a measuring instrument. The 
flash plate (flash: parallel) mold A/D converter is suitable for such a high-speed A/D conversion. 

[0067]The composition of the flash plate type A/D converter of n bit is shown in drawing 22 . If drawing 22 is referred to, in 
the flash plate type A/D converter of n bit, input signal voltages are impressed to the 2 n -1 piece comparator sequence 84 
in common, and the 2 (divided) n -1 piece reference voltage generated by the resistance sequence 83 is supplied to each 
comparator. Input-signal-voltages V jn is impressed to each comparator from an input terminal, and, as for the output of the 
comparator of reference voltage higher than this input-signal-voltages V jn , all the outputs of all of the comparator of 
reference voltage lower than "0" and it are set to "1 The output (since the display of the thermometer is resembled, called 
the thermometer code) of these comparators, The boundary line of "0" and "1" is detected by the differentiation circuit 85, 
and the output of this n bit, Furthermore, it is changed into the digital signal of a binary n bit by the encoder 86, and is 
outputted as a digital signal by it from output terminal D n , D n . 1f D n _ 2 , D 2 , and D v 

[0068]The comparator used for such a flash plate type A/D converter was almost constituted from the former by the 
bipolar element. The example is shown in drawing 23 (from 8-53 (1989) to a "linear circuit data book", Texas Instruments 
Japan, Inc., and quotation). Since each comparator contains many elements when each comparator is a thing of 
composition like drawing 23 , in the conventional flash plate type A/D converter. It was dramatically difficult by the process 
and the design reason to stop the width of dispersion in the characteristic between comparators small. 
[0069]As for dispersion in the characteristic between comparators, in the flash plate type A/D converter, a high speed and 
when becoming highly precise, causing the following problems is known. Namely, ideally, as the output of the comparator 
array was mentioned above, although a low rank to "1" is a thermometer code which, as for a higher rank, "0" follows from 
it bordering on one certain place continuously, Actually, in a code, two or more change points may appear by the jitter 
resulting from dispersion in the performance of each comparator. And gross errors are produced when changing this 
mistaken code into binary code with an encoder (this is called the glitch of an A/D converter). For this reason, in the 
conventional A/D converter, generating of an error at the time of a high frequency input is remarkable, and the actual use 
limit of the actual condition was quite lower than the catalog value. That is, there was a limit in the high speed of a flash 
plate type A/D converter, and highly precise-ization according to increase of circuit structure, and increase of a jitter or 
load carrying capacity. 

[0070]ln order to improve such a point, various circuit devices have been conventionally achieved by the flash plate type 
A/D converter. For example, as shown in drawing 24 , originally a sample & hold circuit (S/H-1, S/H-2) unnecessary in the 
A/D converter of a parallel connected type is provided, Analog input signal voltage is sampled and held and the series 
parallel type (Multi-step Flash) A/D converter which divides into the bit of a higher rank and a low rank, and performs a 
parallel conversion is proposed (Kusunoki, Iwata, and Akazawa: "analog technology for VLSI", KYORITSU SHUPPAN, 
pi 84 (1989)). And the method of the concatenated type to which pipeline operation of each series parallel type stage is 
carried out is also proposed by adding a latch to these comparators and memorizing data temporarily further. 
[0071]However, in these methods, the composition of a circuit will be complicated and the new problem of enlarging the 
burden by the side of a system design will arise. 
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[0072JA flash plate type A/D converter, especially a comparator, As mentioned above, since it is the analog circuitry based 
on the un-saturating type theory which comprises a bipolar transistor, the power consumption is large compared with the 
digital circuit based on saturated type theory, i.e., CMOSLSI, and it is difficult for it to suppress the heat dissipation from a 
chip. Therefore, the performance as an A/D converter will be sharply changed with temperature. Instead of recently using 
a bipolar element, as shown in drawing 25 , CMOS and the two-step parallel connected type A/D converter constituted 
from a chopper type comparator by a MOS transistor are also realized (Matsuzawa: "actual condition of a high-speed A/D 
converter, and future trends", ICD91-84, pp.21 -28). Here, 87 is the conventional CMOS inverter. However, as already 
stated, when using the conventional CMOS inverter, increasing the burden by the side of a system design is not avoided, 
and even if it uses power consumption, it remains compared with the thing using the conventional bipolar element to such 
an extent that it decreases or less to 1/2. 

[0073]Since even the newest CMOS and two-step parallel connected type A/D converter of the circuitry are complicated 
not to mention the flash plate type A/D converter which comprises a conventional bipolar transistor also about the degree 
of location, high integration beyond this is difficult. 

[0074]As stated above, the high speed of a flash plate type A/D converter and various corrective strategy to highly- 
precise-izing cannot fully be satisfied yet. replacing such conventional corrective strategy - drawing 1 thru/or drawing 3 , 
drawing 6 , and the semiconductor device of drawing 9 — especially, An above-mentioned problem is avoidable by 
constituting a comparator as shown in drawing 15 , drawing 16 , and drawing 17 using an inverter circuit as shown in 
drawing 1 1 and drawing 12 , and constituting a flash plate type A/D converter circuit using this comparator, that is, it 
becomes possible to realize the flash plate type A/D converter circuit which applied a highly efficient (high-speed and 
highly precise) comparator and it within the limits of the process of the silicon which makes a base in the present 
integrated circuit art, and device technology. 

[0075] Drawing 26 is a lineblock diagram of the 8-bit flash plate type A/D converter constituted using the comparator shown 
in drawing 15 , drawing 16 , and drawing 17 . In drawing 26 , it is an encoder which changes 255 comparator sequences 
according [ 76 ] to this invention, and 77 into the differentiation circuit of an EXOR (exclusive OR) sequence, and changes 
78 into a binary digital signal according [ 75 ] to a resistance sequence. 79 is a clock generation circuit. In the 8-bit flash 
plate type A/D converter of drawing 26 , as compared with the conventional thing, it is possible to attain a high speed, high 
degree of accuracy, and low power consumption, and it has actually checked that a high speed, high degree of accuracy, 
and low power consumption could be attained. 

[0076]Thus, according to this invention, the semiconductor device which constitutes a saturation drain current-value- 
controlling device is realizable with 4 terminal device with a very simple new structure. This new structure device can have 
the conventional MOS transistor and a similar electric conduction mechanism, complimentary composition can be taken 
mutually, and an element number can be reduced as compared with the circuit further constituted from a conventional 
CMOS device as well as a threshold control device. 

[0077]The new structure device by this invention is producible in the process which is hardly different from the 
conventional MOS transistor, And since it is producible within the limits of process control strategy which is not different 
from the former at all, such as impurity concentration, silicone film thickness, oxide film thickness, and gate length, the 
performance of a device is not greatly influenced by dimensional accuracy like nu MOS transistor. Therefore, it is in the 
silicon semiconductor process which minuteness making will follow further from now on, and this new device will become 
very promising. 

[0078]Since the new structure device by this invention extends structure in the direction of a three dimension and is 
beginning to make a new function, the integration which is not different from the conventional MOS transistor at all is 
possible for it. 

[0079]ln each example mentioned above, although the silicon wafer was used as a substrate of a semiconductor device, a 
SOI (Silicon On Insulator) wafer can also be used, for example instead of being this. Drawing 27 is a figure (sectional 
view) showing the modification of the semiconductor device of drawing 6 . When drawing 27 is referred to, this 
semiconductor device The silicon substrate 1 1 and the insulator layer 42, The polycrystalline silicon thin film 5 which was 
constituted by the silicon thin film 41 on the insulator layer 42, and was inserted into the two gate oxide 4 and 6 was 
formed as a polycrystalline silicon thin film which crystallized the amorphous silicon thin film with solid phase growth. It has 
the completely same composition as the semiconductor device of drawing 6 except the above. 

[0080]More concretely, with the semiconductor device of drawing 27 , the SOI (Silicon On Insulator) wafer is used for the 
substrate, and the substrate oxide film layer 42 whose thickness is 2 micrometers, and the p type high resistance silicon 
layer 41 whose thickness is 100 nm can be used as this SOI wafer. The isolation can carry out this high resistance silicon 
layer 41 to island shape by carrying out pattern NINGU. 



http://wvvw4.ipdl.inpit.gojp/cgi-bin/tran_w 4/3/2008 



JP,09-097906,A [DETAILED DESCRIPTION] 



Page 11 of 12 



[0081]Thus, as a substrate, by using a SOI wafer instead of bulk single crystal silicon, the parasitic capacitance of a 
device or a circuit can be reduced substantially, or a short channel effect can be inhibited. Since an isolation process can 
be simplified, it is suitable for reduction of a routing counter, and high integration. Especially the reduction of parasitic 
capacitance can make high-speed operation of a circuit possible, and can raise circuit performance substantially in that 
power consumption can be reduced. 

[0082]Manufacturing methods of the amorphous silicon thin film for forming the polycrystalline silicon thin film 5 include the 
thing to depend on the LPCVD method which obtains an amorphous film, or the ion implantation made amorphous by 
carrying out an ion implantation to a silicon thin film by making substrate temperature low. It is referred to as the substrate 
temperature of 500 **, pressure O.ITorr, and Si 2 H 6 gas mass flow 200SCCM as a former film formation condition. As 

latter implanting conditions, it is considered for example, as infused energy 30keV, and dose * 2 of 1.0E17 cm. 
[0083]Thus, carry out solid phase growth in an annealing furnace, and let the produced amorphous silicon thin film be the 
polycrystalline silicon thin film 5. As conditions when carrying out solid phase growth of the amorphous silicon thin film, 
they may be the substrate temperature of 600 **, N 2 gas atmosphere, and 60 hours, for example. The crystal grain 
diameter of the polycrystalline silicon thin film 5 obtained with solid phase growth is set to several micrometers from 
several 100 nm, and becomes quite large as compared with it being several 10 nm which was produced with the usual 
method for film deposition as shown in drawing 7 . As a result, how depending on which the depletion layer in the 
polycrystalline silicon semiconductor 8 spreads to the voltage impressed to the 2nd gate electrode 8, Compared with how 
depending on which the depletion layer in the polycrystalline silicon thin film produced by the conventional method 
spreads, it becomes more sensitive and it becomes possible to control drain current more precisely with the 2nd gate 
electrode 8. 

[0084]Thus, the device performance of the semiconductor device by this invention can be further raised by SOI-izing of a 
semiconductor substrate, and the membraneous improvement of the polycrystalline silicon thin film 8 inserted into the two 
gate dielectric film 4 and 6. 

[0085] Drawing 28 is a sectional view of the comparator constituted by the semiconductor device of drawing 27 . In this 
case, the comparators of drawing 16 and drawing 17 differ in that it is said that a substrate is a silicon thin film on an 
insulator layer. Except this, the structure of the comparator of drawing 28 is completely the same as the comparator of 
drawing 1 6 and drawing 17 . 

[0086]That is, in the comparator of drawing 28 , the thickness of the p type high resistance silicon layer 81 used that whose 
thickness of 100 nm and the substrate oxide film layer 82 is 2 micrometers as the SOI (Silicon On Insulator) wafer 80. 
Isolation is completed by patterning this silicon layer 81 after island shape. Thus, by using a SOI wafer instead of bulk 
single crystal silicon, the parasitic capacitance of a device or a circuit can be reduced substantially, or a short channel 
effect can be inhibited. Since the isolation process is simple, it is suitable for reduction of a routing counter, and high 
integration. Especially reduction of parasitic capacitance makes high-speed operation of a circuit possible, and carries out 
big contribution to improvement in circuit performance in that power consumption can be reduced. 
[0087]Thus, the performance of the comparator constituted by the new structure device by this invention can be further 
raised by making a semiconductor substrate into SOI structure. 
[0088] 

[Effect of the InventionJAs explained above, according to the invention according to claim 1 to 7. A semiconductor 
substrate, and the source electrode field and drain electrode region which were formed in the semiconductor substrate, 
The semiconductor region provided on the 1st gate dielectric film provided on the semiconductor substrate, and the 1st 
gate dielectric film, It has the 2nd gate dielectric film provided on the semiconductor region, and the gate electrode 
provided on the 2nd gate dielectric film, Since it has composition which can change respectively independently the voltage 
which is provided with the semiconductor electrode field in contact with the semiconductor region, and is impressed to a 
semiconductor electrode field and a gate electrode, By changing the voltage impressed to a semiconductor electrode field 
independently of the voltage impressed to a gate electrode, it becomes possible to control the saturation current value of 
the drain current which flows into the semiconductor substrate surface between a source electrode field and a drain 
electrode region. 

[0089]Since the inverter circuit is constituted using the semiconductor device according to any one of claims 1 to 7 
according to the invention according to claim 8 to 10, This inverter circuit can be controlled by changing the voltage which 
impresses logic inversion voltage to the semiconductor electrode field of said semiconductor device. 
[0090]According to the invention according to claim 10. especially an inverter circuit, As a semiconductor device, several 
semiconductor devices of an n channel type semiconductor device and a p channel type semiconductor device with which 
conductivity types differ mutually are formed on a semiconductor substrate, Since it is constituted complimentary by 
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several semiconductor devices with which conductivity types differ mutually, stabilization and low power consumption of 
performance of operation can be attained, and the circuit which was more suitable for LSI-ization can be provided. 
[0091]According to claim 1 1 and the invention according to claim 12, it has the conventional MOS transistor and an 
extremely similar electric conduction mechanism, And since the comparator is constituted by the complimentary 
combination of p channel which are 4 terminal elements into which saturation drain current is changeable, and n channel 
device, The structure is far simple compared with the conventional thing, and can provide a highly efficient comparator 
compared with the conventional comparator. 

[0092]According to the invention according to claim 13, since a semiconductor substrate is the silicon thin film provided on 
the insulator layer, it can raise the performance of a comparator further. 

[0093]The A/D converter circuit according to claim 14 becomes able [ consumption ] to operate at high speed and with 
high precision, and for consumption of electric power to be high-density and to produce few flash plate type A/D 
converters on LSI from having claim 11 and the comparator according to claim 12. 

[0094]Thus, according to this invention, a highly efficient saturation drain current control device is realizable within the 
limits of the conventional silicon process. 



[Translation done.] 



http://www4.ipdHnpit.^ 4/3/2008 



JP,09-097906,A [DRAWINGS] 



Page 1 of 13 



* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 

DRAWINGS 



[Drawing 1] 




[Drawing 3] 



http://ww4.ipdUnpfr 4/3/2008 



JP,09-097906,A [DRAWINGS] 



Page 2 of 13 



v fi o~ 



as© 



[Drawing 4] 




[Drawing 5] 



V 

u. 



- idsat * 





/ 

4 








/ Vdsaf Vdsat 
' 1 1 





KU"f>«£ v d 



[Drawing 9] 



http://ww4JpdlJnpit.go jp/cgi»bin/tran_web_cgi_ejje?atw_u=^ 4/3/2008 



JP,09-097906,A [DRAWINGS] 



Page 3 of 13 



I- 



[Drawing 10] 



I- 



[Drawing 1 3] 

4 



> 2 



















i 






3 















v lo< v > 



[Drawing 61 



http://ww4JpdlJnpit.gojp/cgi-bin/tran_web_cgi_ejje?atw_u=http%3A%2F%2Fw 



4/3/2008 



JP,09-097906,A [DRAWINGS] 



Page 4 of 13 




A- 




[Drawing 7] 



(6) (C) 




[Drawing 81 



http://www4.ipdl.inpit.go jp/cgi-bin/tran_web_cgi_ejje?atw_u=http%3A%2F%2Fwww4... 4/3/2008 



JP,09-097906,A [DRAWINGS] 



Page 5 of 13 




v d (v) 



[Drawing 12] 



— cJ Ssc 2 



E 



□ 



'SC] 



— v., 



[Drawing 11] 



http://www4Jp^ 4/3/2008 



JP,09-097906,A [DRAWINGS] 



Page 6 of 13 



.120 




w 123 



124 



5 



SC 2 



[Drawing 141 
5 



Vdd=3V 

Vdd«4V 
Vdd«5 V 




[Drawing 1 51 




[Drawing 161 



http://www4JpdU^ 



4/3/2008 



JP,09-097906,A [DRAWINGS] 



Page 7 of 13 




[Drawing 1 7] 



128 




^127 



[Drawing 19] 



(d) 



168 



167 




[Drawing 181 



http://ww4.ipdl.inpit.gojp/cgi-bin/tran_web_cgi_ejje?atw_u=http%3A%2F%2Fwww4... 4/3/2008 



JP,09-097906,A [DRAWINGS] 



Page 8 of 13 



(a) 

132 140 



155 ' 

/ 







} /. 




* 








* 



129 



127 



(b) 

133 134 141 142 




166 



(C) 



l H U H I H Mill Hid 




[Drawing 20] 

3 




[Drawing 211 
3 




[Drawing 22] 



http://ww4.ipdUnpit.go^^^ 4/3/2008 



JP,09-097906,A [DRAWINGS] 



Page 9 of 13 



84 



85 



V 



$>-H 



-A 



86 



> Do 

> Dd-1 

> Do-a 

) 02 
) Ol 



[Drawing 23] 



woe 



tN*VEHTJNC „ 




•twnvr 



>vcx- 



[Drawing 251 



vr» 




[Drawing 271 




-42 



11 



http://ww4jpdljnpit.gojp/cgi-bin/tran_web_cgi^ 4/3/2008 



JP,09-097906,A [DRAWINGS] 



Page 10 of 13 



[Drawing 24] 




[Drawing 261 



http://ww4.ipdl.inpit.gojp/cgi-bin/tran_web_cgi_ejje?atw_u=httpO/o3A%2F%2 4/3/2008 



JP,09-097906,A [DRAWINGS] 



Page 11 of 13 



» o -J 




j oe 

3D6 . 
3 D4 

)xa 

> DO 

) Dl . 



[Drawing 281 












81 





\ 

so 



82 



[Drawing 291 



Vs 



[Drawing 30] 



ygx vgz 




Vsub 



h ^/Avw4.ipdl.i^^ 



4/3/2008 



JP,09-097906,A [DRAWINGS] 



Page 12 of 13 



V 8lO- 



as 



6 



Vg2-5V 




[Drawing 331 



v 2 o- 
v 3 o- 



v 4 o- 



PMOS 



-ov OE 



nMOS 



— v 



[Drawing 32] 



4/3/2008 



JP,09-097906,A [DRAWINGS] 



Page 13 of 13 




nMOS 



[Drawing 341 




pMOS 




Vs 



58- 





60 



T 



Vd 



Vsub 



[Drawing 35] 



y eO 



IE 



[Translation done.] 



h ^//ww4Jpdl.inpit.goj^ 



%2Fwww4... 4/3/2008 



(19)B#H#fW (JP) (12) fffl jjgp f^: vgw ^ (A) (ll)#tWBH&W## 

#HS¥9 - 97906 

(43)^HB ¥^9^(1997)4^8 3 

f i sni^@m 

HO 1L 29/78 3 0 1 G 

H 0 3 K 19/20 

H0 3M 1/34 

H 0 3 K 19/094 A 



g3trat* »*3S©&14 FD (£20H) 



(2oaiss^ 


1$B¥7 -296187 


(71) ttiilA 


000006747 










(2Z)tama 


7 (1995)103 19 B 














(31)flE5fctfc£3g#H§ 


^¥7-208380 






(32)£5fcB 


¥7(1995) 7 £24 B 






(33)«5fcft*«H 


B# (JP) 


(74)f<SSA 





(57) tmm 

hwm 7 rfBf$.ztix& o , *mtmm 5 tut, v -x 



(5Dintci. e mm*$ jfpimmn 

H 0 1 L 29/78 

H0 3K 19/0944 9199-5K 

19/20 
H0 3M 1/34 




(2) 



#^9-97 906 



in&m i 3 *mtti8&t . Mte^^aflirtt^ 

§ tit: V -^tfiSWfe «t K W >«&iSK k , tufS 
^fMS*LhfcRtt4>*ufcSJ 1 *>y- MftlMlk . MIE 
SfS 1 *>y- MHftBLhtRtt 6*ifc¥»*WR«k . Mie 
#^WWW^t^tt^<xfciS2<oy-h»l6l8lfc. MIE 

*. , «B¥«fMHtMc« lt ^mwmmmm^ *> kr 
imtm 2 3 mm 1 iett«w»«®afc:*j v vt . n 

Jirf &mjEk lufEy- h«Sfc9«nrt-S«E?&#^aSL 

msm 3 ] m&m 1 Ett^o^mwraiatfe^T » mr 
mm. 

[ft 3 ffi&B 1 il^ifHtncli we . ffir 

n& i k * mm t -t h *mimm . 

[ 5 ] 1 ISttO^f^atCfc V ^X . 15 

IE¥*SttSPsSli. ^ B H a ^ 'J 3 >«KT2&S i k 

imsme 3 ai*«5is»«^i s »ft$iBtc*iv^r . m 

< mmfaa&uxm&te Lti&mfk >>va ymmx- 

imam ] ft^Ji i im<vm&mwiz$>^x . m 
&miwmt* musLktzsti-tbtuz ^ y 3 

[If*ja9] fiM<3S8fES^ yA'-^W(;fcu 

Sk p >-*/PS<o^#g«k02VH;:^miicofi 
(3^«SO^S^<7)^#^Bt J: 0 3 V7'J X v 



mm i oy- hi^isifcRtt&ftfc^ttfiiSk . n 

IEm2c7)y- HBBkBLhCRftfejMJty- r-m^k £{f 
WIB#**Wa«t=«LT#«{«ffiB«*«S4»icR 

k <r>K\ Azmwmcom* h im<D?mm£m. 
w¥mmwLtiz&mzti. Kmzmmmomz&m®. 

co¥mtmwiz ZKtayyy^yfV -izffi&Ztix^ 
%4 yj<-?®B&£ffix_X^&Zk*mLki-&ziyj* 

[«*jsi2] mmmi nmnay^u-fizis^ 
x . mi^mtmwLcomzy- nifcWiiWEfc 
eiwnt. ifra^ti^s^fltfiE^^^s-rs^ 
#w®mmi,zmm'mj£ z mxth £omm.ztix^&z 

[11*311 3] |f*3ll 112^03 WN^-^tCiJ^ 

[H*3S l 4 3 lf*3l l l £ttin$m 1 2IE®«03 
WN°P-^S:ii^TV^Ck^^k-r§A/D3WN' 

[000 1] 

A/Dztyj^-^mzmth . 

[00023 

iffifflT'#-l»fiiggx^\*-fxkLT. ^-nyMOSb 

^yyX^ffMOS)^ EE PROM (Electrically 
Erasable Programable ReadHDnly Memory) ifi^^^ixX 

[00033 fMosit g-wnm^x-wmmm- * 
~vy)tffl^<7)m££'t&mmzffiz-t:Mosh7y 

1992^1^ ^1 0 1H—1 09Ij , $M r ^ 
# "^ffl. ^M" . fS^SfR. I CD 9 3- 6. JiS3 9 
I-46I(1993-04)j izmmtZ^tlX^h. 
[00 04 3 H2 9(4vMOSO^M^^-ria-Cfe 
®2 9Sr#HS-r^i;. i/MOStCfc^T(i. 

»K5 7£T$sm&iz7pmtoimftznfi:v-xmmm® 

5 5&£V\ i l"(yW.WMm5 6tf&f8.Ztl, &tz. # 

yy- h48, y- 5 1 ^'Ji^t^sn. $ 

^ lz . y- h IfiSK 5 1 _kfcJA . ^Sc^fi-i-A^ y- h 



(3) 



#§^9-9 7 90 6 



4 5. 4 6ff&f$LZtlX\^&. 

[00 0 5] Z<?>£ o%ffif&com=FX'i±. 7n-f J y 
7y-Y48t> i -!f-Yffl&m5 0, 5 1 Cli oTfflift 

Lxy-hW&fi***. MUX. m^Aj]?-h4 5 
t7D-f^/y-h48l:Ji > SaCjTSgttSte 
LTfcO. ifc. m^\f}7-V4bt7u-TJ>y 

[00 06] £tf>*£\ fl-f-A^)^*-h4 5, 
fc&WEfc-WiWV,!, V g2 k-f&k#. 7u-r-( 
y^-h4 8om{5^&*>^7-'-hmff<Mi. 0 F = 

(c 1 v gl +c 2 v g2 )/-(c 1 +c 2 )fc^o. y-vm.i±<i> 

iswc. v, ub iiaH8«ff, v s i±y-xtffs v d (ih' 

w ym±X'h%>. 

[00 07] 03Oii, B2 9fc*Lfcl«l*t02A 
fc. i3 1(j:J:<7)2A7jfMOSb7yyX^h'H 

AjJvMOShyyiSxfX'li. (V gl +V g2 )/2>V 

T\ V gl £A?J«EE. V g2 £#JfSllffii:^3rri:. V gl 
A^^fv: b y >i/X?coL% v ^ffimEA* v g2 tiota 

[0008] i/MOS^CMOSif)i)^i: 
■th^htfX^h. 132(a), (b)tiCMOS*Sj£<7) 
vMOS^f WN'-^^Hia, 123 3J2 

CMO S1f^v MOSW y^'-^c7)^00S§Sr^-ria 
X'hh. ^ZX\ eiiiXljy-h. 6 2li7n-f^ 

[0 0 0 9] H34{2EEPROM^^JSr^ 
WC&I.. 03 4£#B3-f EEPROMtfcV^ 

-a*. 6 o izm&Bi^nmtfmiztiti v 

-xmmm®5 833£xsvi"( vnmmms 9&&!$.z 

7n-f^^'-h4 9, y-Mft*K5 3jWIUWc 

-)V?-Y47 tfm&L 2 ftT V > * . 
[00 10]^, EEPROMfc&^Tfi. i/MOS 
k|5l8l. 7 o-f -f y/y- h 4 9 hffiil 5 



2, 5 3lZ±iXmttlXt5*). a>hu-»sy-b4 

tt?>m&L2tix$>r). h&u T*ymtz&^x . -r<o 

ffitt 5 9 fc 7 o-x -r ^^y- h 4 9 i: <7)IS£ r- >-*;U 
«a&#aEfr*J:3fcSff-S*ro^. H3 5(4H3 4<7) 
EEPROMiO^flEIS&ll-Cfc^. 7U-f -f s"?*f— 

Y4 9<rmmz\±^ v v^vmcms 4 *itvxwnh 

cOtfSli. 3 y h n-;wy- h 4 7 Jt/c h^y^ 
y hn _ ; ^_ h4 7 3&i y-x58k KW V59S 

[00 1 1 ] dOiaiC. i/MOS, EEPROM(7)V% 
tilt), V-Xlii)S5 5, 5 8. K^-fyttSg^ 
56. 59. y'jnyl«57, 6 Ofcovvcfi. ta!* 

OS, EEPROMIl L#f><i$r^r^$fJfflIT#4i:^ 

«^rt>«0k^r-oTV^. 3rti. EEPROMIi -TT'^ 

'Jx^MXkLT^#$tLTl->4„ — i^MOSfl 
-X^EUIlIB^sfclSfflSfL. fi!*<0CMOS-C**Lfeig 

ofixmsztix^z. 

[00 12] 

T^$ix. lot. h7yyX^^LIuili 

[00 13] i/vr. fMOSli A^^-hk^n-x 
titt'^^^v^t'. ^WJct^nM A^'2<^7cWfc/£^* 

it^jE-r h mmzts: ~> x \ >& v» t v ^ o $m&h o ^ . 

[0014] #?|Bjj{i % l # v HBHff-r^^ ^ 



(4) 



#^F9-9 7906 



-^HRfcSflW*.! I/O**. 
[00 15] 

n >m&mmt . *mteMWLti,zmf ^ru-zm i coy 
- hmmmt . m i *>y- htmm±.tzmit>ti*i¥m 
imm t , t>titim i oy- y mm 

£<f;t. ^mimmizmLx^mimmmm^txa 
^mimMmm&zvy-hm&izmu-t&n&z 

&«it&t,z2£z_&zti}t*im%ffimt%^x^z>. zti 
o . ¥m#mmm.mizmn-t2>m&z-y-hmmz 

mu-tzms. tmiuz^t zzkizx*)^ v-xm®m 
k w ywmmt^m^^mwwmm^zwxh 

[ o o 1 6 3 *3t . if^as i oiem<o^ 
t-ii . it ^ i jbma&m. i <n\ ^-rtifr~mzMm<&E 

^mwmm<7)^mwwm.mzmwti> mz^x. & z. 
[ o o 1 7 3 «ftc. n&m i oia&os&grcii, -i 

mAzmmmcom%zmkcr>!mm£mz£ vayyy 
*>?v-izffifcztix^&. ztuzj:*)^ mft&mco 
itsmmmmMk*: m&zb&x*z. ± o l s 

i mzm Ltemmzmm-tz z t wx-t h . 

[ooi8]i^. aw&ii i , mimi 2%m<7)%m 
izxtin. m^^Moshyyjx^bm^xmuLtc 
m?mm&i>*>* m^Yv-iynMrn^thz 

btfX'Z&4ffi : ¥-m¥X'fc&. pf-^^/Wsitfnf- 

iot^yAv-^ ttT v ^ cox\ znmm* 
nv-? izitKX-mffl&coa vjw-? zw&-?& Z fc 

mummt. tmm.iz^f^tit^v^ymmTht 

[00 2 0] fi3<3ll 4ie«OA/DayyN'-^ 

mtx^&zbfrL,. mm, mmmnzm^L. t^mn 



s i ±^-fm-r s z b ti^imb tch . 

[0021] J; 3 tc. *$mX'\±. tmois 'jay 

tfX'Zh. 
[0022] 

iwn<rmm.crmm\ hi, 0214*^^^^^ 

#^#^a{4. 1 iznm&izTMmmi&z 

ti*iv—Am&ffi&2i$j:xf\!i>4 ymmMi&3tfm& 

zti. m2(7)¥-h&mm6±tzi±. y-hw&nm 

&LZtiX^2>. 

[0023] ZZX\ ¥mtftfm5lZli. V-X- Kl^ 

>f y ■ y- h«ffitc»:<'Sg4o«^i: L-cM#g-r-s^ 

{4. mtiz^mwmfaiftizBfS.ztix^&v-xmm 
m®2i>£xfFuj ywmm.®3 bm-nrnvm*^ 

f^oidt. mmv-xVM2i3J:t/\ i iy^ y 
M^^M3 bH—P>*z.)V7Ty4 ^yh7otX{gB 
i^TntX) tin T-f^M irrtgT'?> o T , Z^m^lz 
(4. HI. H2tc^-fct'3C V-xnMMt&2isJ:Tf 

[0024] io*frWfc«4. ^mwwawsti. m^.(4 

tc. V-xm®gi£2, PWyHIM3^til 
M^)a«K^M!|fjS:6£tW--S - 1 izi-yXB&Ztih . 
[0025] i/c. ^#f*:*^l fc LTJ4, 5/''j3^ 
x^NSrffl^SClfctT'^SL. SOI (Silicon On Insu 
lato^^x^NSrffl^S i b t>X'% 

[ 0 0 2 6 ] h 1 , h 2<&mm£m<aimii. 

MOSFET(MOSlMl*h7yyX^)^-hffi 
•S>Clfc#-e#£. iJt. i/MOS^EEPROMtll 

^ y?y- hwy-b%mmzj: ■oxm&zmtti. m 
&&ffi&x*iiftm^wm$tz^i,ziimz titi ? n- 

^-f V^RJBfc*oTV^«»(c«t» HI. H2ct)^# 
f^ST'{4 . 5 0*y- h^M4 . 6 fc ^ 

«cmffi®J^8i:tcJ:oTH4il. 4^#«^JS8tcJ; 
o T^hgP^ 4. ^ 5 t««£7)«BE £ EpJlTT •& 

i/MOS, EEPROMtH 

[oo27] i^tc h 1 . m2<r>^mijmu<r>m^wM 

iz^xmWtZ. HI. 12«MIti5V^T, 



(5) 



#1^9-9 7 906 



-xmmm.m2 t fw ^msi®iS3 tofSHzuzvi- 
£>*it »&*m*ftmigtt8 am. §?2 y- hm^k 

[0028] iftWl 0 1 . 02c7)^#^a(i. 

V s , V d , V,co±§${=J:or. «8K(HWy« 
3D S *iW«lt- & i k . 4 fc. ^WMi 
fU^&fc^lg 2 y- h «S 8 tcjn*> S WE£ V h k f 

<o*&$*8Hiw-£.rk f**>%. H2 9c 

#*fWgj«**y- h*fef*Jglk ¥*gffc«ffifIilS k <fc ->T 

[ 0 0 2 9 3 , 01 , H2<WWfctSt#0!;llf n 
f-*^*A®7W U V-*«fifS*2A« 

SS!i(V, = 0 V) §*u y-h«S7ty-h«EV f *« 
Epjn$itTy-^ft^®^2 k HW >«®«i^3 k<7) 

[0 0 3 0] -IOi§-£\ ®2^'-h«fli8t6nJD§n-S 
«EV h **-HHc**v*fc*fcli, 2o*>y-MetfK 

04 te. ■TOk^OKlW^mcSk KW >-«fiEk<7)W 

[ 0 0 3 l ] m 2 y- h«® 8 =5rmffiv h 
tfEpJiiSfu ^f*«W5#^£effi5£fl;S*i.Tv**k 

d atyn* htih k , * a- U -Vtif-v y*/HW*C H £il 
-5t, V-;MW<S«2j^KWy««fU*3fcffla» 

aaribW*-* (04 oajS#hs> . 

[0 0 3 2] FW>mffiV d #itJirr&k. HW> 

wawi^^y^n^irr, zcmmnrnztf "o" tcs: 

S^(t>'^7jS)^-r-&(04^B^[#^). ic?)k 
^<7)HW-f >«ffiV d {i. t>^7«ff(V d „ t )kO? 
(fit. HW>HJEV d **t>"f-3j-7«EV d . at J:0t 



tt(ttWKW>«SKfitI d . at )*k*(04<OCjS^ 
[0033] ZKQXoiz. »2y-h««8fc-HhM* 

6 k i*L4>^>Rlfc:«4*iT^*^W*ffl«5 ktf>i8S3£ 

T^&m&omo s h ^yisx? tmm%ft&£G-? 

ftoT. .TOk§c7)KW ymSSJi. {£*<7)MOS 
i".rk#T'#&. 

[00 34] .TtltettU »2y-MW8(=lMDS;h. 
-SmSV h ^'/jN§v%k#t{i: x 2oc7)y*-h^M4, 

05(4. £<0fc*<z>Kl^v«8f:fcKW>'«£Ek<0BS 

y- k«s 8 fcean § *l* «BEv„*yc # v ^«^co h v 

■i ymS£b KM >«BEk<0BB«fc8aRT^S*tTV^ 

[0035] 05^#BS-rSk. H2y-MM68fc^J 
jD$ix€.mBEV h < , 5 *^t(4ffi 

SflsSftrvvfirv^k # ^2 y-hSS8tc+^^ 

ot>/h§<^i». <r?)j:o£. ^h'p-f >m»asi 

d„t' 2:^ ^2y-hm@8(:EP3n§itS«JEV h ti: 
•9Tl d .. t J3lTfc:«!l«l^&Cfc36ifBr86fc*&. "t^5:*> 
HI. 02<W¥ft|£B-m. ®2y-Mi8^\ 

^^k**T-#^. ttb-h. m2y-hmm8izmvt 

&W±V h t y- hW7 tcSBlIlf 4«£EV, k ^#^34 

*@^J^3 k^^##:*^Stc»i[iti> Hi/^ ym 
eSE I d Oi&*J«»£ffi^$iJfflit-^» c: k *nTK(c«r* . 
[ 0 0 3 6 ] 06 (a) , (b){4. *%>WCD*mfamWCO 
MftM<7)ffif$mX*$>&. 06(a)(4^F®0. 06 

(b)tem6(a)cr>A-Amzt$if&mwmx'h&. me 

(a), <b)£#BS-f£k. ;^f^I(i, 
^iVWf'UXt LXm&LZtlXtS K) . 1 k 

P I^i/ 'j3y)xAl rttc. n MO^fej^SmStC 

im&ztvx^h. ttz. zcr>v—xmmmi&2t VU 
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4 ymmmm 3 1 corncob v 3 v*? x>\ i ±iz^ m i 
coy- htmm4 1 txcoy ynyM, ^mw-wa 

tLxe>^vayWi{mtfm.mzBf8.2ti. %2 
coy- himmt vxco^va ym<m 6 ±*c« , y- 
hmm itLx n+m# vmw&££*rc;fe 

fcJfLT. fi*«ili«(*2y-H»8i:U« 
n ♦ WX 'Jy'J3 y«S*^J«S ftT V * * „ 
[0 0 3 7] &*5. 06(a), (b)fci>Wt. 1 7J4J1 
ISHetSK. 2 6tt7 4-;H*IHfclR. 18. 19, 2 

o, 2iti -e*i-e*u y-xti2, Kw>m® 
3, y-vmmi , m2y-hWM8corju^mmmm 

X$>K). ny^?h*-;L-2 2, 23. 24. 2 

5*rt-LT«»Wfc#flW2, 3, 7, 8tmWtZtlX 

[00 38] 07(a)J!,l(d)ll i6^«cgt<7) 
fERlfifciK*®?**.. H7(a)7 1 7S(d)$r#HS^ 
i:. H7(a)fcSrrJ:"5fc:. Ply'JnyfflSl 
±fc L O C O S j£ {Z X *) 7 4 -)V HiMkJH 2 6 £ JgjR 

fit, ^m^isgaffifc. m<oy-Mfe*«fc 

LT^^Uny^kJK4SrH^-fig-ft:^^J:oTl On 
mj^jS-t* . Rfl:&At;i9 0 orWTfc&S iptL 

1 toy- b J£itK'r'& & Is V r? VlHLM 4 cr>±.fr t*tfu 
W^y2 95rf+y^K-Tr2>. 
[0039] JJcfc. i7(b){:^tJ:^:, isVa>M 

_k.t,z*mwmmt Lxn&m&i' v 3 >i*r 5 

L P C V D («EEfls¥W*ffljftj|) J: ^ T 3 0 n m j£ 
ML. CflSr^O^^N^-^y^-r^. CIO 

JK6 3 0XX EE^JO. lTorr, SiH 4 ^Xg[12 
OOSCCMfcfS. -e<7)f£. g2^'-hffiil}:t 
Tc7)>-U3>iS-fkM6SrLPCVD^J;o-C 1 0 nm 

mm-h. ^(n&rcwmjkmt. mm. mmim.8 o 

0°C. E*0. 9Torr, Si H 4 #XSSE*3 0 SC 
CM. N 2 O*'XS11 000SCCMtf|. 4 §£> 
fc. #^ B B B ^U3y|ilP5"4J^MMS^iiS-r-&^ 
m2c7>y-hi^JlT-&-l>^U3yK-fLJ160± 
*>£>*c?W:*y3 2?r&A-r&. ^My^yfl 

5+<o^*e8i«*tt, c:of*^§ix-i>^2y-hmfii 

[0 04 0] m7(c)^-tXoiz. 'jy^H- 
TU^'Jy'J 3 y*f$|7 £ LPCVD^tiot 3 0 
nm^Il,, m^cr>m^ZU^Xh3 4^m^LL. ZCO 

&ttiz;s?-->?Lxy-hnm7Z&fcf&. z.<r> 



0. 9Torr, S i , H 6 ^cS*9 0 SC CM. PH 
s^gllOSCCM, N 2 #Xci[M8 0 0SCCMi: 
-fh. ZLX. y-hmM7*J-<?--y7LKt£lz 
tLXm-yfcU=JXh3 4t:mLr^mX\ V- 

xwmm.m2, >mm&3, m2y-hnm8 

Zmf8.-f&fzMzV>-(*>-3 5$:8Lk-f%>. 

■t^x.X 2 ®£L±jf%d . MiLlf . 1 ElgO&Ax* 
/Mr-{430keV. h'-XWi 2 E 1 5 c nr* . 20 
S{4#*90keV. 5E 1 5cm-2fc-r«,„ IIt>f 

4>mm. y-hwm, m 2 y- vw&srmtioMk . 

folz&MLtzffim$:i>-h. 3&3&7c;frr(ijfc:i£3g 

O-f ^-vaAXS^ffl^atf £ fc 3^7C^-|*l^t£5S 
L^cfflit^ t,oy/N'-f x-Hm-r&iiiHik. 7ntx 

[0041] ioj; a ttT s &mz»vn -ix-y&x 

Zfttatim. 4 *y^iz£K)^AZtlfzT^mcoft 

j^2. Yv4ymwffi.m3. / m2y-vm&8i)m&LZ 
c\co'&. mmtmrncomm. 

T^^mmwmcom^ *??4 -v-^ 3 yco&xmz 
mx . n f-p y^mcommm^'fju x£#i> ^ t 

[0042] 3 fc:. ^micoimfamwcoimiz 

[ 0 0 4 3 ] 08 {Cii. 06 fci^¥#H««fc:*iV* 
T. ^y^^LSr 2jLtnu f-^^7H|gW£4ju 
m. isVaymfcCO^^y*J\^ftCH<7)^Mfyjcr)m.. 

^msmmz pi, 1 e 1 6 c m- 3 , ^M B a B ^ u a >n 

H5«5fWft«Offi. ^HHIriSft^pS, lE17cm-3 
i:U y-hm^7t>i^2y-hm®8£n + S^ 

'Srfc. h'U-f ymSSmtZ^ibhcDlz. M9\,Z7^t 
y-xm^2SrJft6L(i-^^>. v s = 0fc 
Lh y-hm«i7Om£EV g Sr0. OV-5. OVit 

0. 5v-r-?mkz-±. ttz. ^2y-hMM8coms. 
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[0044]^, JJ&7)#IT(4. 43Mll«>¥*ffc3ai 

[0045] "f ±3$ Lfc nft y+AfflxA-f 

£ft$S-$-&-k#T-#6. 

[0 04 6] mijbmm3<&mmm&. 

OMOSFETkHlSL 4 0RfcJflV*4£fc# 
& . 0 1 0 (40 1 BM0 3 a¥*tt§3E*affl Ltz 
4 y/i-?®R**rfBtti>&. mi 0<F>A v*—zm 
8S(4. (fl£*OMOSFETk:£<|5lti&f£ 

->xaybu—)V^ix.hcr>x\ 01 olZTjk-fXo&J y 

[0047] 0i;P>S03<7)¥##i!lSkLT. 
(V-XUffiHI* 2 . HW >iESfiWc 3 , ¥31 

?mfammz¥mtfcmL 1 ±izm& l . ztit>mk<?>* 
mmmtzx*). -i y ayyvxyrv- 

■v y^Hf^M x k p ^--v yfyuMw-T'W x k Sriffl 

l s i itizm Lti®&&im-t2> z\ t #t-# h . 

[0 0 48] 01 l(c:(4. SvHcn^U^O^U (ffi 
fflffj) * n y^)Vm.irtM Xti itf p f-A- 

T^S, -T3r;b*>. 01 l^JTIi. Z<7)3$l<7)mMM 

<vmmkW.tLx. n^y*)vm.<7>*mwmmn 

MO S X)Sdtpft >-*^M<9#^fl^g 
(pM0Sr r ^MX)SC 2 i:O2«Sc7)ttD$rfflVK C 
MO Sffim<Di>(WZ LT-f Wv'-^HR^JSLT 
4. Srfc. 01 latttf*. if(0l2y-htffi^ 
ii&m@k LxmWiZti. ZtLt>£.W&V b tfmnZtL 
h±o\z%->x\^h. ttz. v in iZXj}WJ£. v out (4 

a^ma. (v dd - v ss > ^N'-^njs&^itiimE 

[0049] iwe5:pf+ >-*/Hi?>¥#f*:ilgk 
n f-r y^Ho^MIl k lz X *) n yy y x y ^ y 



-izmfoztix^&j yrt—r^nnMftWLmz^^x 

[ 0 0 5 0 ] i 9P*i(C. 011 fcfcWt (4. Pl«y 

•JnylSi 2 3 ±i:li n f >• ^;Hf x s c , 
3W»jKS*t» nWrti'Vztymfcl 2 4_tiziip^y 
^.iVmfU X S C 2 ^fig;§ilT^S . nfA- 5"*^ 
M-r^ W x S C ! ( p f - ^ y ^M-r > U x S C , ) xii » 

y-^iwwio9(i i o)k KW^tifwi i 

1(1 12)k3^\ y'JnyiSl 23(1 24)0*®fe 
il/rtSPtcB^^ ifc, Z&V-x&XTSVUJ y 

mcD^v=iymm±izi±. mico-y-htmmt&zy 

U ^ yBHtM 113(114). ^flt^JSk KcZ&mik 

isyxynmi 1 5(1 1 6). Sf2^>y-Meigiik=sr 

^^U^yK-ftJll l 7(1 l 8). y-h^kSr&tf' 
V is V a ymm 1 1 9 ( 1 2 0 ) k &mk&B&ZtL* $ 
^>(C. 2^<7)i^V^ymitmi 13(1 14)k 117 
( 1 1 8) ICtt&^Ub^tSA^ 'J >ftW 115(116) 
k*t-C, ^NIfMMS(IS2y-h«tt)i: LXcotfVy 
'J3yisi2 1(122)«§iitv^. -eLT. 
n^^/PMx^'-f^SCiC^K^-f ytt®«lgl 1 

1 . y-h«fiil 1 9 . ^#«sm® l 2 1(4. #^r. p 
f-v y^SfA'>f X S C 2 <50 K P -f 1 1 

2 , y- h«® i2o. ^»imm 1 2 2 tmmzix. 
y- bmm 1 1 9 , 120 KttA^msv in ^» 0 , 
hi— f ^m®ffii^i 11.11 23&>4,«tB*®Ev 0Ut 

^TXOSl^fL. *iftlil2 1 , 1 2 2(ct±fH 

^fostrsu xsc^v-xmmi 0 9ia&&^tL(m 

oy-xtii 1 o^(im^msv dd *<Epin§ixrv^ 
4. 

[ 0 0 5 1 ] 01 2(4. *^BJc7)^#^M^fflV^3 

^#fiiIIISSSr^-r0-C'S)O. i^. 013(4. 

=5ri5*>. 013OaflSMm(4. ^2y-h«ffi8(c£PjD 
•TSflLEVhS:. 0. 5V— 3. 5Vc7)®HT'0. 5V 
HPST'^^T. A*mjEV in (c^-rsai^«JEV oilt S: 
S!^Lfct>^)-C*6. 01 3*><o. S2f-htffi8C 

epin-r -s»mffi v h (c j; -o x . ^a-^ mmnwmmM 
[00 5 2] 014(4. mm&MW£v inv t&2¥- 

vmmizmut&nE. v h k 

T-$>o. 0i4coao^m(4. ys*-?m&<7>nMn 

fib(V dd -V ss )Sr. 3V, 4V, 5V(C-ett-ftLiS^L 
tz^(DW±v h izM^hlkmmMMKV inv im^.ttzi> 
OT'£>&. il4«I^||*^i,, «£EV h (-«toT 

tira^:KmjEv inv ^^mizmmx^ s^t . 
S/c. 01 liz^kLtz^yy'Vjty^V-^mmi. M 
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[00 533 01 1, HI 2£7)-f y/N'-^ElSS 

GW*?4CJ:*CMOS>f W\'-?)14. y-hflWl 1 
9, 1 2 0fcJn*>S«EV iB fca|m«cmil 2 1. 12 

£B*V out *<OVfc^0. V h >V in <0h#K{i. SJ*V 

y^i/-^tLtiign;t^w. m 

1 1?M ?fl|j£fc:is^T\ ^-'-hmfiil 19,1 

2 0Sr=7Ws-l/-^Oft-f-A*^Fi:LT^§-li-. ¥ 

12 1, 122^3 WN'W-^giftmJEA;*! 

LTttMgS-fr, KW^tffiWSlll, 112 

[oo54]ii6, ii7ii ^mkommmmTiz 
hi 6(4^0. 01 7nmi6(DA-Amzinf^m 

mmTh&. HI 6, 1175r»l>i:, .r^r?^ 
nl(0-/ijays«l2 7t, yxfccfctf* 
ny^-ftvaALtn^i/H 2 8i>4t/ r P'?x/H 

^/PM-r^M x S C 2 #^j££*u p »>x/H 2 9 f^itc 
n f-r y*/H!-7W X S C , #?gj£$;h.T V > 6 . 

[0 0 5 53 -rc:T\ pf+y^Hf^'-ixsc 

SfufcV— XI 3 Ofcitf KW>-«ffifim 3Ut 
LTV^. -£LT. .Ic^y-Xl 3 0i5j;tfh'W 
fill 3 lSfiOn^x/H 2 8±K14. gl<Oir'-b^ 
It^y'jay|g{kll3 2 > nlf$tii$h^l> 

*»a^U3>«ki33. &2<?>y-himmb*& 
isv^ymmi 34, y-hmi§£3:&n + tffy >-y 

n^mUl 3 5#J®&k:^j£$*u 20<9S^y 

3 yBHLH 13 2, 134 iz&ttlti&mikis V a yf£ 
Ml 3 3i:igLT. ^WWS«2y-M»kU 

[0 0 5 63 nf+y^HfAMXSC^ip 

•>x;n 2 9ftiznm^H®immmizimztitev 
-xi ss&itfKwvm^i^i 3 9£*ltv* 

•S. *LX. -ICDY-Xl 3 8*iJ:tft*W >WMl 3 
9^c7)p^ x ;H 2 9±fci4. JSloy-HfiKBIi:* 

i/'j3yS)|i4 l. ^2^*-h^Mi:'5:-i.^U3 
>-!MU8il42. >-'-hmSii: 3 5:-l»n + ^UvU3>« 

mi4 3tfmmzBfS&ti, s^fc, 2^yny8 

•ftMl4 0, 14 2{^4fL^iS B B a ^y=»^ISl4 

i bfgLx. ¥mimm(&2y-hnmbvx<7>n+ 
^u->v^yvMi4 4t>m^tix^i>o 15 



4 ttJ|IS£»K, 1 5 5 {47 -f KiWfcK-C** . 
[00573 P^-^^^Mx^^XSCztJi 
t/ n f-^r WvUSx^M ASC, (7)^— hMM 1 3 5 ti 
^14 314. 3y^^h*-;H4 6Sr^-LTT;P5 

«fiiiEiS 1 4 7 k&afcsattsfu y- hmm 135, 

1 4 3*«fi#A*JSHPV lB b LXWfcth X 3 fcr&oT 

v>&. pfi-y^-;HfA'>fxsc 2 ^HU'fy 

fl^l 3 1 i: n f t y ^/UfA^ X S C, W H 1/ > 
«fiil3 9fc(4. Zix^ti. ny^h*-;H48t 

i49t ^j>Lt7;p 3 resit 1 5 2 i^ims 

*U HWWS13 1. 13 9^[fi^V 0Ut i:L 

A>fxSC 2 c7)¥^ffrm@l 3 6tnf^y*;Hf^ 
-<xsc 1 ?>¥3§*mgi4 4i:t4. -etL-fix. ay? 
?f-*-;H50tl 5 1 i:^^-LTT;P5mtliH^l 
5 3 teftMSttSfu 1 3 6, 1 44 

[00 583 018, 01 9(4. *»il.3yA-l/ 
-^^f^X^Sr^-r0T'S>?». t-f. 118(a)CS 
•Tcfcd^. nly'jnyilgl 2 7 ±£.\) ><i 

W*>'SraA-f-g>^fc^J:Op'>x;H 2 9£^j£L 
T. 'y-f^^^jg^f^-r^„ JKWC. LOCOSft 

izxo7 4 -wwmi 55zm&L. mmm*ft 
wsmmiz. m 1 y- htmm btx^v^ >mm 

13 2, 14 0 5- K5-f SftSt J:-5T 1 0 nmMf 
IKkffl*tt9 0 0xysiTtc*ftj:dfc:Lfe. 

flJIl 3 20±*^yy2r-f^-y^AL. 4fc. i/'Jn 
Vlt-fLKl 4 0O±*^^o>'2r^^->aAL. n^x 
M28, p •> x/H 2 9 ^MiO^M^^S: BWO 

[0 0 59 3 &WT\ 01 8(b)^-TJ:dtc:. i/'Jn 
yBMfcK 13 2, 14 OJifc^flsffiiigi: LT . -eft-? 

tt. zm&i'Vziymmi 33, hulpcvd 

(iSBEfl^WSMU**) SCJ:^3 0n m^M L , 

^W4. ^J^ff. S«ag6 3 0'C. JE^3 0 . 1 T o r 

SiH 4 ^'XciLl;2 0 0SCCMi:^--l». ^<T>^ 
&2<r)y-YtmWkbl,X. ^U=»IMUR 
134, 1 4 2SrLPCVDa{:i-D-C 1 0 nmMt 

^30. 9Torr. S i H 4 *'XgEl3 0 SCCM. N 2 
O^'XgSSl OOSCCMifl.. ^Mb^^'J 
ny^Jgl 3 3+0^!t«J^$riiS-r-l»^t^ B2 

y- h^iiT*s>i> u a vwntwk 134 <7)±3b»/o . y 
y*4*>m\-?h. [bj8h^ #*sa^u3>'ifiii4 

•C'fe-S^y ^ viM^I 1 4 2«iK^ay^^ya 
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x-th . v =j >mm 133. 141 *<7x**m> 

mrrJUXcr>V-X ■ KM yMM^ZWdxh K l^-f y 
[0060] mz. Hi8(c)^-TJ:3^, >J>-£K 

-7Lti#v zymmz lpc vDati 3 o 

*l, y-h«fil3 5, 14 3*»J«^4. jRBBfefl 1 
HL mz.lfmm&m5 0 0'C. JE?}0. 9Torr. S 
i 2 H 6 #XgiLl:9 OSCCM. PH 3 ^S110SC 
CM, N 2 ^M8 0 0SCCMtf|,„ L"C„ ? 
-MS135, 1 4 3£^?—->7Ltzmz~?X7 
t LTfflVvtrl^'X h;*?-y 1 6 4 £«Lfc*HB-C. 

idtCl^'Xh^-Vl 6 5X'-?X?-fh. <£Lt\ 
vj-*r y*JUMT'U X<oy — Xfl$i, K W yWM, 
m2<y-hW&ZBfct&tz£>lz > tfuyj^yi 66 
£&A-T&. -I<7M;t>i£A{i. aAx^l/Jf-fc K— 
Xiwffl^^-frSr^r 2HUJLhff*-3. MUZ 10 
B^&Ax*;Mr-<4. 3 0 k e v . K-X12E 1 5 
cm" 2, 2@gli#'«4 5kev, 4E15cm"2tt 
££T'^>i^£#K£?HtT^&5<?>}4. p^- 

VNra^x{c4:oT-«j£^&^T'£>-S>. ttb 

mmiz^t&'totf&AZti. &Ax*/i^-a*j*v* 
mzte^ V*|*KW ymtStSr&fliSt;: 

^*fi»3&«aAS*t & . 3 ascSrifiitass L/£«Ji£ to 

sma^tts&otf 4>o # < »i & >r t 

{4, ^(DsMX^mz^mX'hh. 
[00 6 1] -I<7)flL l/yXhA7-yi6 4fcJ:^l 
65Srl&irU 01 9(d)tc^"J:pC pf-ir>'*;P 
If^^f xSr^M-TSffli^^So J; o KzWx h^?- 
y\6ix~?x9-th. -C-LT. nf+y^UfA'^ 
x<Z)y-xflffi, KWy«fl5. ^2y-h«®£^j£ 
-t-ftfcAfc. 'JW^l 6 8SraA-r-S>. -i^y^LK 

AX^;^-fc H-X*wa*-&*>^SgiT2|lIi2LJi 
fi'Sr -5 . ^>Jx(f 1 @S^)aAl*;^-ll 3 0 k e 
V, H-Xi2E15cm-2 > 201li^9Oke 
V, 5E15cm-2tn. <I<0j: -pic L"C, n^-v> 
jM^fflfVW x i> . P ^--v y*)vmf*4 x t mmiz. 

[0 0 6 2] 3\£Wt^X. 4yt>&*>iz£.*)BA.ZtUz. 



p f-ir y^UfA'^ x s c 2 cop ♦ y-x«@«$ l 3 
o, p + Hw^msi^ftsi 3 i. p*g2f-hiii 

(7) n + K U-f 13 9. n* y-Xlif|^ 1 3 

8. n + s&2y-hmiii44 wRSSfvc . *?tmz 

£&ayj*u-?crm$®}%tmti s X'Z&. Z<W£. M 
Si£ l> ->tz P ■f-r >*M£rr*U x t n f-v y^Hf 
[0063] zoJ: 5 fc. *fMB<03 yn\y- 9<wm 
[0 064] ±3£cr>J}miZl:-oXm&Lt:3 ynv-9 

Uv^nft y*ti>m.7 ! 'U x<f>y\s4 ynfis. 

W&1±. f" J V>'^^LS-2^m. f-^y*;MlW£4 

J$!|?JliJgSrpMlE 1 7cm-3 v $ttA^U3>HIMi& 
iftW^M, ^MWUK^ P IlE16cm-3, 
y— hWMtS it/^2 y- h«® ^ n + *f U y-U n yt 

Ltzmiz^ M8 1 mmexmtt % o . hm ^isfnmes 

[0065] i^. I20(cli, ze>£o%mtm*i> 
•5fcpf+ y^/Hf''^ xtnft y*/HfAM x 
t J; K> 3 xr 'J 9 V -izffi&LZixtz n yrtv—W 
AftJjW&co-MtfKi$tlX^Z>. ^rfc. H2 0<0ffT 
(4. 3W^-^ljilEV di iJ3Vi:^oTl^. 
£tz. 02 1 ^{4. Clon^NV-^^gRfemffV 

*ITV^*. 020. 02 lH»2^Hifc9W 
[0066] £4>C Ji^L^nW^l^-^Srffl^T. 

L s I tme>mmiz£ h ^x^Aco-r-J^Mtizifw 

K/Duyj*-?(T±uy/T : i;'?iim%$5)<7)m&, 
immv^0mm±* &-t£~m<%^xzx^&. m . 
7 r ^'^^t'7 i ^ss^fi-ao^^±3v^(4. -eotttg 

®ST'I4^:^„ Zcr>io^mm<7)AyD^mizmLX^ 
h<F>1fi. yyvisjud 1 ash :i?iI)lA/D3yA' 

[006 7] 02 2^(4. nh'7 h<^7 7 7yalA/ 
Days<-?<7)ffif&tf^ZtiX^&. 02 2$r#BS-r^» 
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n - HI?) 3 yj nV- ? M 8 4 (C X^S-f-SE^iit 

h. #nwf^-^fciiA*iffP*»4>A*fi-f«BEV ill 
*«9ttnSii, dWA^if SEVi.i 0 tlv^Iff 
<r>^y^v-9<r>^\it^x "0" , -HiiOffiv^ 

mmE^n^NV-^oaj^fi-r^T "l" i 

X\ V-'Eji-f^-FbmftLT^&lZ^ "0" b 

nh'7 hOftjllt, $^^x^rJ-^8 6t:J:-oT2jl 

„.j, D n . 2> .... D 2 , DiJ^^-r^Ht-^kLTttt* 

[ 0 0 6 8] 1(0 i 0^75 7yilA/D3yA'-^ 
£.mmti&3yj*u-?l±* m&X'li. KbA,b\ A 

9" , B^^f-y-X ■ -OXViVXyvlfcg&lt., 8-53 
(1989)*»4>§lffl>. #3W«P-^3&«El2 30J:-3«r» 
j^OkcokS:-? TV M^coziy^u—9i^m 
<?M=F*lsA,X*^&(r>X\ i*«77 7yaSA/Da 
>v«— 9Xii. 3 W?l/-^0<^ttc!5tf ^>-9^«i* 

[0 0 6 9] 3^^-^|g^)»tt<0|f4,-?#tt, 77 

i>:<0J:d*l8III*?ISiBi-rc:fc*«jaife*iTV^. 

SBWfcti. Tffl*»<5» "1" jWSRU £>&-@iJ9r£tI 
fc-tfiJ: 9±fiii "0" imWct&V-^X-fa-Y 

jfoWBfcxflT t £ 3 Z b tffo <£> . -e LT , <! It 3 
±£Kcmm*4itX Li a A/Day 

IftffliSli, # 9v9m£ 0 fc*»3r 9«v**>jWE#T 
^*Oii7^tCJ:oT. 777-/alA/DayA'-^ 

[0070] zoxoKAzom-tztiMz. mt. m 
t>tixztz. M£im2 4i,znk-?j:diz. mm 

cr>A/D a >s<-9X'l&F^%:y->7°/U8c*-)U F BS& 
(S/H-l, S/H-2)$rlS(tT. r-^o^A73fi-^ 
*E£«*fcLT«!*U ±{ikTftOh'-y M^ttT 
Mf'J^Sr^ d WMPIM (Multi-step Flash) A/D 3 
ys*-9&mmZtlX^& («f, gffl, "VLS 



I <7)£l&)CDT1~El9'i%W , ftAttJJS, Pl84(1989) ). 
3D lf-^ £-«*Wfc:K»*- £ -1 k izX *) . iSM^iffico 

[007 1] L*>L3:#£>. dtt^O^-Cii. 

k v» o m fi. =5rHS#£ tXL&o. 
[0072] 777yalA/D3yA'-^, ^ 

x9xm^tix^nmmm^n,zm^< n-u9® 

yHHSS. t^CMOSLS Ifc:jt^T*£<. f-y 
r*^^SSc^SrfPx-l»::i:(illtv^ ZWzfr, A/D 
ayj<-9 bLXn&mt. SgfcioTT^ <^»L 

tuia. «3fitc^r-oT. 025^-riac 

a 7A-InyAV-^-C«L)tCMOS • 2SP2M 
?|JMA/D ayj<-9 l>miZtiX\,^ («s8? : "M 
A/Da^A-?CO^:|*£:lf3fc»ir6r , ICD91-84, p 
P.21-28). ZZX\ 8 7{iS*OCMOS-f>A'-n' 
Ls^L^fe. J8lfcifi^fc«tC. tl*(7)CMOS 

x-7mTZ&-otzt><Di,zit^x . 2#*>i£rRcffiis 

[0 07 3] JRStKfcWtrt). t£*<0^>f,-K 

- 7 h =7 y iSX 9 Xm&Z tlX y y >y il A/D 

[0074] J2Lhfci6^fe ± ^ 77 7xaIA/D 

^atftbot^ miViSM3, me, i9^*g 

a. ^tc. HI 1, HI 2t$L^i7^ ws'-^ig 
SISrfflV^T, 01 5, 01 6, 01 7tc^L7tJ:o^3 
y/^-9^m^L. Z<Dziy^u-9t:m^Xy9-y 
i"x.mA/Dayj<-9®fo&mm-&Zbtz£*). ± 
a^BHlS' 0^ S i k ^ . -TS:^ . 31^^ 

m^)n>yN'i/-^t3 £TSZtiZmmLti7y -y 2^ * 
1A/D 3 yrt-9 ®&*m&? h H b immb tch . 
[007 5] 02 6fi01 5, Ml 6, 01 7 tZ^Ltz 
ay^U-9$:m^Xffif&Ztltz8h'-v h777^1 
A/Days*-9coffifcmX'$>&. 02 6tci5V^T. 7 
5 tiffin , 7 6 te*&WlZ i 

7 7iiExoR(^ff&e<jtirgi»)fijc7)m7i-iiJS§. 7 

8{i2jt7 ? ^^^Ht-f-lw^-r?,Ji>'rj-rT'S)-S>. * 
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fc. 7 9Ji?u-y??g£E]ffi-t'£>&. 122 6<7>8 t' y >• 
777yalA/D3yA'-nii ta!*c7)t>(7)titS 

lt. mm, mn%fr^&in9mjjitzM&z.ttf~*jm 
x-$>*). mm. mm, mmmfr-iffimwjjitzmtiz 

[0076] zcvxoiz. xmuzitin. $mv\s4 
Lfc#m®«£fi*>. sweaty* i^y-arsus 

[ 0 0 7 7 ] $ fcfc, #fKHfc:J: &»fflMntf*A'f * 

[0078]*fc, *muz J: saffflflBftx^W x(±, 

C 0 0 7 9 ] 3ri3. ±a»Lfe«Wf ¥*lft§£E?)S 
WLt LXisV^y*? ^Zm^tzW. ifuofrfcOfc. 
#I;LJ£. SOI (Silicon On Insulator) ^x^£fflV>& 

.r t *> -e# & . h 2 7 ti . h 6 (W&m/tmvss&m 
#mmiz. isv^ymmi iRx/mmm42t. mm 

4 2±.cr>i'Vz2ymm4 1tl l z£r)ffi&LZtL. tti. 2 

$>mikisVzi>mmtLxm&LZtLtzi>c7)t%-ox^ 

[0080] j: D^ttWfc, H2 7<7)*mtomfFai. 
IStSO I (Silicon On Insulator) x^fflV^-CiS 
9. KOSOI^xAtUll J^S*<2//mi7)TtftM 
imMA 2 fcJRff*i 1 0 0 n m^piUlAy U 3 yjf 

Va>M4 lZmmzstf-y-yT'-t&ztlzX-oX 
[0081] <I«0J: a (C. Sffiii: LT. A;^tMa B ey 



"Til (c L . itofimRj) * imt& -I t & 
b^o£X\ ®Bffim&*mizit\±ZitZZbtfX'% 

[0082] g-miki' v a >mm 5 iz 
m Lx<7>#&m>> u a v»«^)frattrifefc Lxa.mm 
isj&zi&K-r&ztizji^xitFa&m&n&LPcvD 
mz£&i>co. h&wt. isy^ymmzjxvmx-t 
&ztizj:ixftg' B 'M'(t~?z>J*y&Amti i h&. Htr# 
<7>®m&fttLx\,±mtii. wmm.5ooxi. j±i> 

0. lTorr, Si,H 6 ^jJl200SCCMi:t 
*. £tz. &%0&A8iftt LXimttf. SAx^p 
df-30keV. H-XSl. OEHcm^tn. 
[0083];wJ:5t LTfm LfcfMIW^ U a yfg. 

^fri: LT(4. WiJf . »£;SjK6 0 0°C. N 2 #X 

fift^U a:x?IK5W|&!l&gli, mi 0 0 nm*»4,» 
/zmt^0.^7t=*L^«ka &ffi»Oj£ffil:fr8ref£13 
Lfc&coaq&l 0 nm"f*SOkJt«LT3&«5rO^:* < 
3r&. ioism. *2y-h«S8fc:ffliirr&«Etc«- 

[0 084] Z<D±otz^ ¥mfcWfc(r>so Hb-^. 2 

ooy- h ^M4 , 6 izmttitz^miki' v a >-^jk 

[0 08 5] ttz. 02 8{i. m2 7cr>¥mifcmWlz£ 

*)ffif&ztitz?y;'<u-7c?)mmmx°$>&. 

lai 6, mi i<r>ayj^—^b\t. wswwmijto 

isV3ymmx'hz>t^o&.x*m%'ox^&. ztisw 

(i. m2 8<Day^U- ?cr>ffimi±. HI 6, mi 7(7) 
3y^is-?f£<miX'$>&. 
[0086 ] -r^ri?*>. M28(Dziy^u— ?X'l&. S 
O I (Silicon On Insulator^x^S 0 t LT, pSl 
SSt^Ua>-Ji8 lOMiS^'l OOnm. TtfiliS-fl^i 
8 2c0HU^'2^m<7)t,C0Srffifflt^. *?$H»i, - 
VisVayms l *&mz^-?—-y>7'-fh Z.t(,z£^ 
X^T-th. Zco^otz. ^u^^^^jaycoith 
0tSOl^xA$rf pitlci^T, vWx*HhK& 
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[0087] znxoiz. ^mfam&z S O I ffi&lZ-f 
zzbizx^x. ^muzx&mffimr'U xizx^x 

[0088] 

i&ziw&mmizMf. *mwmsLt. *mwm*. 
mzmistztifcv-z.mm.m&xvvuj >mrnmm 
t. ¥&#mLkizmft>tix:mie>-y-htmmt. 

#mt$Lkt,zm?t>ttfzm2(7)<y-bimmt. w.i<r>Y 
-hfmm±.izm?$>titiy-hwmk$:ffiz.. 
mmzm Lx*m#m&Mm£ffiz.x& o . *mfawm 

hz\tt^m%ffi&Lt%'>x\^<7)x\ ¥mimmmm 
izmu-t&n&z-y-hmmzma-t&m&t ^ 
Lhz\ tiz x o , v-xmmmmt k w >mmmmt 
<7mv>mmgffij$mi l zmixz> hi^-t >n$$.<omiw%i 
mzmrn-? h z t ifi*nfcb%& . 

[ 0 0 8 9 ] £ fc. lf*3l8^;Sif*3S 1 OfBiSOfSBJ! 

^ i *ur. if #m i ^sit^Ji 7 <r>\ vfixt^mzmk 
nymwskW.zm^X'i yj<-?®$&zffimLx^z><7> 
x\ z^a y^-^mmi. mmmmEtz. imz^m 
imm<D¥mtmmm.®t,z$}iia-t&nK zzbiz 
i ^xfflffl-tz z b immx-h & . 
[ o o 9 o ] mis m&m 1 oiai^Bji^ . w 
y^-^mm±. ^mfamwbLXs nfty^nw 

xi/ffimmijitzmz z 1 . <t o l s i it 
izmL^m^mm-th z t a*-c$ & . 
[oo9iit^ tt*3a 1 1 , 1 2imcomi 
^zxtiifs mkcr>Mosh7> : Jx?bmfrxmMLti 
mmmrnn t *> , a>o , h v w zzb 
wx's*h4m-m=f-x*fohs p^y^mi/n^ 

y^)V=f>M xcDxyyy^y? v—+j:®.7*.&t>iki l zi 

^x?y^is-?wmf&ztix\,^&cvx\ %<7>mmm 

&cr>i>(7)lzit'^Xs liZ>frlz<g.&X'$>'9 s «HW)3Wt 

]/-?izitKx-m\m<va yn\s-9 zmm-tz z t & 
x%%>* 

[0092] ife. mm\ stmntmizsitaz . # 

[0 0 93] ifc. ff^l 4lBmOA/Da>-y\*-^ 
HHStt. M$Jgl 1 , ff&Bl 2fEf5on>7^-?£ 



mx-Lsi ±izimtzzbifflmb%&. 

[0 0 94] ZcOXoiZ. *%PjUz£tltfs WfcWisV 

wfu x £nsi-r h z b tfx't h . 

[01 1 *^Bj^-s.^E^gsom«^i&^^ia 
x*hh. 

im2i xmiizm&^f^wnmjmz^tmwm 
x$>&. 

[H3 ] la i . m 2 <7)?mmiwc7)mm\B}& z^mx 
[04] *«w<^>^««a^)»ff«rai*a8Wt*feto 

cr>vu4 ymssxm ( v h v ^«^> ^-trnxh 
h. 

m6i*mi<7)^i^mcomi*im>mfsmx'$>2>. 
[ b 7 ] la 6 tc^ L^^E^aofmxig ^^-nar- 

[ as ] m 6 co#^*^K«o yw&m&z^-tm 

X$>h. 

[09] 06<W»«^<O^I1I»&5H-H"C*&. 

[010] *m&*mmkW.*m^K4 y^-fmsk 

ZffctWX'foZ. 

[01 1] SVHcnvm^v^tXffifilW)^!!^^^ 
*)l>mrr>U xtiXX/p^-^ y*)VWrrrt4 xt*§ 

ix^-f y^—?m%,<nm$Lm*fK^mxfoh . 

[012] 01 lO-f WN'-^@S§O^iffi0SS$r^-r0 

[01 3] 01 lOW yA-^mS&oAffi^^ttS-^ 
0T'£>£. 

[014] 01 lOW W<-^0»<OitflReWEkiS 

2 vm&zmvfthm&b^m^^tmxh^. 

[015] i o X mti&tit: n > 

^N-^-^Sr^-?-0T*S>^». 

[0i6] xmie&mit&mzx^xmf&ztvfzay 
jsv—fcoffif&mxjbz,. 

[017] *^0^#«sflS^«J;o-C^$^n^ 

^]s-?<r>m&mxfoh. 

[0i8] *fK8fc«tS3WNV-^ofmrs^-r 
0ffcs. 

[01 9] *»J:J3>A'l/-^^IIJSf 
0X'fe^. 

[02O]016, 017 03 ^(DXiHtfmt 
Z^rtWX'foh. 

[021] 016, 01 i^y^v-?<vmwmM 
i±bm2y-bwmizmu-t&mi±b<7>mffiz^mx' 

[02 2] nt'7 bc077 yi/jz.MA/DU^y\'— 
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